CERTIFICATION REPORT: The certification of the mass fraction of elements in titanium: ERM-EB090a and ERM-EB090b by BACQUART THOMAS & LINSINGER THOMAS
CERTIFICATION REPORT 
The certification of the mass fraction of elements in titanium: 
ERM®-EB090a and ERM®-EB090b 
EUR 29474 EN
JRC-IRMM promotes a common and 
provides reference measurements. 
European Commission  
Joint Research Centre 
Directorate F – Health, Consumers and Reference Materials 
Contact information 
Reference materials distribution 
Address: Retieseweg 111, 2440 Geel, Belgium 
E-mail: jrc-rm-distribution@ec.europa.eu 
Tel.: +32 (0)14 571 705 
JRC Science Hub 
https://ec.europa.eu/jrc 
Legal Notice 
This publication is a Reference Materials Report by the Joint Research Centre, the European Commission’s in-house science service. It aims to provide 
evidence-based scientific support to the European policy-making process. The scientific output expressed does not imply a policy position of the European 
Commission. Neither the European Commission nor any person acting on behalf of the Commission is responsible for the use which might be made of this 
publication. 
All images © European Union 2018 
JRC112582 
PDF ISBN 978-92-79-93288-5  ISSN 1831-9424 doi:10.2760/180660 
Luxembourg: Publications Office of the European Union, 2018 
© European Union, 2018 
Reproduction is authorised provided the source is acknowledged. 
Abstract 
This report describes the production of ERM-EB090a and ERM-EB090b, two titanium reference materials certified for the mass fraction of elements. These 
materials were produced following ISO Guide 34:2009 and are certified in accordance with ISO Guide 35:2017. 
Pure titanium was alloyed with the target elements to produce ingots that were subjected to vacuum arc re-melting. A powder was produced by the 
plasma rotating electrode (PREP) process, which was then turned into solid bars by hot-isostatic pressing. One part of the bars was cut into discs of a 
thickness of 2 cm (ERM-EB090a), the other part was cut into slices of 2 mm and chips of approximately 250 mg were punched out of these discs (ERM-
EB090b). 
Between unit-homogeneity was quantified and stability during dispatch and storage were assessed in accordance with ISO Guide 35:2017. The minimum 
sample intake was estimated on the basis of acceptable repeatability for results obtained by glow-discharge-mass spectrometry (GDMS) and spark-
optical-emission spectrometry (spark-OES).  
The material was characterised by an interlaboratory comparison of laboratories of demonstrated competence and adhering to ISO/IEC 17025:2017. 
Technically invalid results were removed but no outlier was eliminated on statistical grounds only.  
Uncertainties of the certified values were calculated in accordance with the Guide to the Expression of Uncertainty in Measurement (GUM) and include 
uncertainties related to possible inhomogeneity, instability and characterisation. 
The materials are intended for the calibration of methods, quality control and assessment of method performance. As with any reference material, they 
can be used for establishing control charts or in validation studies. The CRMs are available in discs (ERM-EB090a: diameter 40 mm; height 20 mm; 
approximately 115 g) and 7 g of metal chips contained in glass vials (ERM-EB090b). The minimum amount of sample to be used is 50 mg.
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Summary 
This report describes the production of ERM-EB090a and ERM-EB090b, two titanium 
reference materials certified for the mass fraction of elements. These materials were 
produced following ISO Guide 34:2009 [1] and are certified in accordance with ISO Guide 
35:2017 [2]. 
Pure titanium was alloyed with the target elements to produce ingots that were subjected to 
vacuum arc re-melting. A powder was produced by the plasma rotating electrode (PREP) 
process, which was then turned into solid bars by hot-isostatic pressing. One part of the bars 
was cut into discs of a thickness of 2 cm (ERM-EB090a), the other part was cut into slices of 
2 mm and chips of approximately 250 mg were punched out of these discs (ERM-EB090b). 
Between unit-homogeneity was quantified and stability during dispatch and storage were 
assessed in accordance with ISO Guide 35:2017 [2]. The minimum sample intake was 
estimated on the basis of acceptable repeatability for results obtained by glow-discharge-
mass spectrometry (GDMS) and spark-optical-emission spectrometry (spark-OES).  
The material was characterised by an interlaboratory comparison of laboratories of 
demonstrated competence and adhering to ISO/IEC 17025:2017 [3]. Technically invalid 
results were removed but no outlier was eliminated on statistical grounds only.  
Uncertainties of the certified values were calculated in accordance with the Guide to the 
Expression of Uncertainty in Measurement (GUM) [4] and include uncertainties related to 
possible inhomogeneity, instability and characterisation. 
The materials are intended for the calibration of methods, quality control and assessment of 
method performance. As with any reference material, they can be used for establishing 
control charts or in validation studies. The CRMs are available in discs (ERM-EB090a: 
diameter 40 mm; height 20 mm; approximately 115 g) and 7 g of metal chips contained in 
glass vials (ERM-EB090b). The minimum amount of sample to be used is 50 mg. 
The following certified values were assigned: 
Element ERM-EB090a ERM-EB090b 
Certified value 1) 
[g/kg] 
Uncertainty 2) 
[g/kg] 
Certified value 1) 
[g/kg] 
Uncertainty 2) 
[g/kg] 
Al 0.78 0.05 0.78 0.05 
Co 0.457 0.017 0.457 0.016 
Cr 0.471 0.011 0.471 0.009 
Cu 0.130 0.007 0.130 0.005 
Fe 1.82 0.05 1.82 0.05 
Hf 0.092 0.026 0.092 0.005 
La 0.0132 0.0013 0.0132 0.0015 
Mn 0.288 0.012 0.288 0.010 
Mo 0.484 0.022 0.484 0.024 
Nb 0.479 0.028 0.479 0.027 
Ni 0.406 0.020 0.406 0.018 
Ru 0.462 0.021 0.462 0.020 
Sn 0.483 0.023 0.483 0.021 
Ta 0.097 0.005 0.097 0.005 
V 0.672 0.021 0.672 0.022 
W 0.507 0.021 0.507 0.019 
Zr 0.509 0.015 0.509 0.015 
1) Certified values are values that fulfil the highest standards of accuracy. The given values represent the unweighted mean
value of the means of accepted sets of data, each set being obtained in a different laboratory and/or with a different method 
of determination. The certified value and its uncertainty are traceable to the International System of Units (SI). 
2) The uncertainty of the certified value is the expanded uncertainty with a coverage factor k = 2 corresponding to a level of
confidence of about 95 % estimated in accordance with ISO/IEC Guide 98-3, Guide to the Expression of Uncertainty in 
Measurement (GUM:1995), ISO, 2008. 
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Glossary 
 
AAS Atomic absorption spectrometry 
AFS  Atomic fluorescence spectrometry 
ANOVA  Analysis of variance 
ASTM ASTM International, previously American Society for Testing and 
Materials 
BCR® One of the trademarks of CRMs owned by the European Commission; 
formerly Community Bureau of Reference 
CI Confidence interval 
COMB Combustion 
CRM Certified reference material 
EC European Commission 
ERM® Trademark of European Reference Materials 
EU European Union 
FAAS Flame atomic absorption spectrometry 
GDMS Glow discharge mass spectrometry 
GUM Guide to the Expression of Uncertainty in Measurements  
[ISO/IEC Guide 98-3:2008] 
ICP Inductively coupled plasma 
ICP-MS Inductively coupled plasma-mass spectrometry 
ICP-OES Inductively coupled plasma-optical emission spectrometry 
ICP-QMS ICP-Quadrupole mass spectrometry  
ICP-SFMS ICP-Sector field mass spectrometry  
IGFA Inert gas fusion analysis 
INAA Instrumental neutron activation analysis 
IR Infrared part of the electromagnetic spectrum 
ISO International Organization for Standardization  
JRC Joint Research Centre of the European Commission 
k Coverage factor 
k0NAA  k0-neutron activation analysis 
MSbetween Mean of squares between-unit from an ANOVA 
MSwithin  Mean of squares within-unit from an ANOVA 
n Number of replicates per unit 
N Number of samples (units) analysed 
n.a. Not applicable 
OES Optical emission spectrometry 
PHOT Spectrophotometry 
PREP Plasma rotating electrode powder 
PTFE Poly(tetrafluoroethylene) 
QC Quality control 
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rel Index denoting relative figures (uncertainties etc.) 
RM Reference material 
RM Unit Reference Materials Unit of the  Directorate F of the JRC 
RMP Reference material producer 
RSD Relative standard deviation 
s Standard deviation 
sbb
 Between-unit standard deviation; an additional index "rel" is added when 
appropriate 
sbetween Standard deviation between groups as obtained from ANOVA; an 
additional index "rel" is added as appropriate 
se Standard error 
SI International System of Units 
spark-OES Optical emission spectrometry after evaporation and excitation of the 
sample by a high-energy electric spark between the sample and a 
counter electrode 
smeas Standard deviation of measurement data; an additional index "rel" is 
added as appropriate 
sns Standard deviation of results of normal stock samples 
swithin Standard deviation within groups as obtained from ANOVA; an additional 
index "rel" is added as appropriate 
swb Within-unit standard deviation 
T Temperature 
tα, df Critical t-value for a t-test, with a level of confidence of 1-α and df 
degrees of freedom 
TCD Thermal conductivity detector 
u Standard uncertainty  
U Expanded uncertainty 
u*bb  Standard uncertainty related to a maximum between-unit inhomogeneity 
that could be hidden by method repeatability; an additional index "rel" is 
added as appropriate 
ubb Standard uncertainty related to a possible between-unit inhomogeneity; 
an additional index "rel" is added as appropriate 
uc Combined standard uncertainty; an additional index "rel" is added as 
appropriate 
ucal Standard uncertainty of calibration 
uchar  Standard uncertainty of the material characterisation; an additional index 
"rel" is added as appropriate 
uCRM Combined standard uncertainty of the certified value; an additional index 
"rel" is added as appropriate 
UCRM  Expanded uncertainty of the certified value; an additional index "rel" is 
added as appropriate 
u∆ Combined standard uncertainty of measurement result and certified 
value 
ults Standard uncertainty of the long-term stability; an additional index "rel" is 
added as appropriate 
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urec  Standard uncertainty related to possible between-unit inhomogeneity 
modelled as rectangular distribution; an additional index "rel" is added as 
appropriate 
usts Standard uncertainty of the short-term stability; an additional index "rel" 
is added as appropriate 
ut Standard uncertainty of trueness 
V Volume 
VAR Vacuum arc remelting 
x
 
Arithmetic mean 
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1 INTRODUCTION  
1.1 Background 
Titanium is an important raw material for the aerospace, automobile and chemical industry. It 
competes with steel, aluminium and other metals in several industrial applications due to its 
chemical and corrosion resistance, strength and relatively low specific weight.  
In 2016, the worldwide titanium sponge production was stable at about 170 000 t. A new 
trend in the titanium industry is the development of recycling processes (introduction of 
recycled titanium in the production process). While saving resources, recycling significantly 
increases the risk of metal contamination. Mitigation of this risk requires reliable 
quantification of element mass fractions. The risk of contamination (by other metals by 
wrong-feeding with alloyed titanium) will increase the importance of accurate measurements 
even further. 
Titanium quality is not defined by international standards like copper or aluminium. Several 
norms exist, which includes international, sector specific as well as national standards. This 
leads to a complex and non-uniform system for the customer. So the price of titanium has to 
be agreed between the producer and the supplier. Each agreement is based on technical 
specifications defining a list of chemical elements and/or physical properties that the material 
should fulfil. The technical specifications are often derived from existing standards. The most 
commonly used standards (ASTM-B265 [5] and ASTM-B348 [6) describe 5 grades for pure 
titanium and 31 to 33 grades for titanium alloys. The standards define ranges for several 
chemical elements depending on the grade and on the alloy.  
A titanium certified reference material, available as small cubes and discs, was produced by 
the European Commission in 1986 (BCR-090 [7]). This material became exhausted in 2018. 
Therefore, to support the free movement of goods and to support titanium recycling, the 
European Commission's Joint Research Centre (JRC) decided to produce a new batch of a 
titanium CRM. 
1.2 Choice of the material 
The new material should also be available in two forms, namely as small chips for wet 
chemical analysis and as discs to allow calibration of spark or glow-discharge methods. The 
element mass fractions should be close to the maximum level allowed by most standards for 
titanium. 
1.3 Design of the CRM project 
The project consists of processing of a batch of titanium alloyed to specifications set by the 
JRC with the elements of interest. Homogeneity is assessed using the data from the 
interlaboratory study also used for characterisation of the material. Titanium and the alloying 
elements used are chemically stable, so no experimental stability study is required.  
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2 PARTICIPANTS 
2.1 Project management and data evaluation 
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Reference Materials Unit, Geel, BE  
(accredited to ISO Guide 34 for production of certified reference materials, BELAC No. 268-RM) 
2.2 Processing  
European Commission, Joint Research Centre, Directorate F – Health, Consumers and 
Reference Materials, Reference Materials Unit, Geel, BE  
FlowCut Waterjet Cutting, Nederweert, NL 
H. V. Rieble Metallwaren e. K., Mörfelden-Walldorf, DE 
Institut für Eignungsprüfung (IfEP), Marl, DE 
Titanium Metals Corporation (TIMET), Exton, PA, USA 
2.3 Homogeneity and Characterisation 
ALS Scandinavia. Luleå, SE 
Australian Nuclear Science and Technology Organisation (ANSTO), Lucas Heights, AU 
Bundesanstalt für Materialforschung und -prüfung (BAM), Berlin, DE 
ECN Nederland, Petten, NL 
Evans Analytical Group SAS, Tournefeuille, FR  
(measurements performed under the scope of ISO 17025 accreditation COFRAC 1-1993) 
Institut "Jozef Stefan" (IJS), Ljubljana, SI 
Laboratoire National de Métrologie et d'Essais, Paris, FR 
Laboratory Testing Inc, Hatfield, PA, USA  
(measurements performed under the scope of A2LA accreditation 0117.05) 
Perryman Company, Houston, PA, USA  
(measurements performed under the scope of NADCAP accreditation) 
Reactor Instituut Delft, Delft, NL 
Studiecentrum voor Kernenergie (SCK.CEN), Mol, BE 
 
All laboratories are identified by a code (e.g. L5). The numbering is not in the alphabetical 
order presented above. 
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3 MATERIAL PROCESSING AND PROCESS CONTROL 
3.1 Processing 
Titanium ingots were produced by conventional alloying of titanium with 25 elements (Al, B, 
C, Ce, Co, Cr, Cu, Fe, Hf, La, Mn, Mo, N, Nb, Ni, O, Pd, Ru, Si, Sn, Ta, V, W, Y and Zr) at 
mass fractions of 0.1-3 g/kg. Other elements like Sb and were not added but are present as 
contaminant in the material. The ingots were subjected to vacuum arc remelting (VAR) to 
improve homogeneity and forged into smaller diameter round bars. These forged bars 
themselves were machined to final diameter of 63 mm and used as electrodes that were then 
melted in the Plasma Rotating Electrode Powder (PREP) process to obtain a powder. 
The powder was sieved to remove particles larger than 0.8 mm and the final mass of powder 
produced was 114 kg. The powder was mixed and filled into cans made of low-carbon steel 
with inner diameters of 63 mm. The cans were then subjected to hot isostatic pressing for 
240 min at 1750 °C and 101 MPa. This resulted in 8 dense bars in a mantle of low carbon 
steel. The diameter of the titanium core was 54 mm, the outer diameter 63 mm. The length of 
the bars varied between 1147 and 1352 mm. 
The top and bottom 20 mm of each bar were discarded. Of each bar, 42-50 discs of 20 mm 
height were obtained by water jet cutting. Of each of the discs, an inner core with a diameter 
of 40 mm was cut by water jet cutting (see Figure 1). Each of the discs was engraved with 
the CRM code (ERM-EB090a) and a running number. 
 
Figure 1: Disc of ERM-EB090a with outer (discarded) ring. Note the different colours of the 
outer ring: the lighter part is the steel mantle, whereas the inner core is titanium 
 
The remaining part of each bar was cut into slices of 1-2 mm thickness. Chips of a diameter 
of 6 mm (the mass of one chip is approximately 250 mg) were produced by punching these 
larger discs, taking care to avoid the outer 1 mm of the titanium core to avoid contamination 
with the steel mantle. The chips were degreased with a household dishwashing detergent 
and rinsed. Potentially adhering Fe-oxide (produced from the steel mantle after contact with 
water from the water jet cutting) was removed by soaking the discs for 20 min in 10 % 
H2SO4. The cleaned discs were rinsed with tap water, and subsequently rinsed three times 
with detergent (2 % Triton X), rinsed with tap water, de-ionised water and dried for 3 h at 70 
°C. About 7 g of the discs were put into amber glass bottles and labelled with the CRM code 
(ERM-EB090b) and a running sample number. 
3.2 Process control  
The powder after the PREP process was analysed and the measured mass fractions agreed 
with the target and nominal mass fractions. Chemical analyses were also performed after the 
hot isostatic pressing and confirmed that no change in mass fractions of the studied 
elements had taken place during the pressing process. 
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4 HOMOGENEITY 
A key requirement for any reference material aliquoted into units is equivalence between 
those units. In this respect, it is relevant whether the variation between units is significant 
compared to the uncertainty of the certified value, but it is not relevant if this variation 
between units is statistically significant compared to the analytical variation of the 
homogeneity study. Consequently, ISO Guide 34 [1] requires RM producers to quantify the 
between unit variation. This aspect is covered in between-unit homogeneity studies. 
The within-unit inhomogeneity does not influence the uncertainty of the certified value when 
the minimum sample intake is respected, but determines the minimum size of an aliquot that 
is representative for the whole unit. Quantification of within-unit inhomogeneity is therefore 
necessary to determine the minimum sample intake. 
Already during processing, steps were taken to ensure maximum homogeneity: 
• Vacuum arc re-melting is a process generally used in industry for high-value 
applications to obtain very homogeneous alloys, as the solidification rate of molten 
material can be tightly controlled and centreline porosity and segregation are 
eliminated. 
• The subsequent manufacturing into a powder and additional mixing should further 
eliminate inhomogeneity of the material. 
• Negligible de-mixing should occur during the hot isostatic pressing, as the material is 
not melted. 
4.1 Between-unit homogeneity 
The between-unit homogeneity was evaluated to ensure that the certified values of the CRM 
are valid for all units of the material, within the stated uncertainties. 
4.1.1 Homogeneity assessment from characterisation data 
Homogeneity was assessed using data from the characterisation study plus results of six 
discs of ERM-EB090a that were also already used in the characterisation study but were not 
tested for Hf, La, Nb and Ta. In addition, three re-tested samples for ERM-EB090b were 
used (see below). For the characterisation study, samples were selected using a random 
stratified sampling scheme covering the whole batch. For this, each batch was divided into a 
number of groups (with a similar number of units) and one unit was selected randomly from 
each group. Each laboratory in the characterisation study received three units and performed 
two independent measurements on each sample under intermediate precision conditions. 
Additional data were obtained for Hf, La, Nb and Ta for ERM-EB090a, as too few datasets 
were available to assess homogeneity. Samples were recalled from the laboratories and one 
laboratory performed duplicate analysis on 6 discs.  
Independent testing of the bottles of L5 by another laboratory had shown technical problems 
by L5 in the analysis of ERM-EB090b (see section 6.4.1).Therefore, data from Laboratory 5 
were excluded from the evaluation for all metals as well as for B, and were replaced with the 
data from the re-testing. Also the data from Laboratory 9 for Ru and L11 for Zr were excluded 
from the evaluation for the same reason. Other data, even if not used for characterisation  
(see section 6.4.1) were included in the analysis. The reasoning is that even data with a 
systematic bias should allow assessment of the homogeneity, as the bias is captured in the 
between-laboratory component of the variation and does not influence the estimation of the 
between-unit variation. L9 reported data from long-term as well as short-term irradiation. The 
data with the better counting statistics were used, meaning that the data from long-term 
irradiation were used in all cases except for Cu and Pd, for which the results of the short-
term irradiation had better counting statistics and were consequently used.. 
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Data were first normalised to the respective laboratory average and tests for outlying sample 
means and trends in the filling sequence were performed. Subsequently, between-unit 
homogeneity was assessed by two-way ANOVA on the original data. The normalised data 
for all elements and both materials are depicted in Annex A. 
4.1.1.1 Test for trends, outliers and normality/unimodality 
Data were normalised to the respective laboratory average for testing of trends within the 
production sequence on a 95 % confidence level and outlying individual samples and sample 
means using the Grubbs test on a 99 % confidence level. In addition, the distribution of 
individual values and sample means was visually tested against the assumption of normal 
distribution using normal probability plots to allow subsequent analysis by analysis of 
variance (ANOVA). For some elements the number of measurement results was very low. 
The positive statements about outliers and especially the distributions therefore have to be 
taken cautiously. This low number of measurement results alone therefore does not allow a 
positive demonstration of homogeneity. The results of these tests are shown in Table 1 and 
Table 2. 
ERM-EB090a: 
Table 1: Results of the statistical evaluation of the homogeneity assessment of ERM-
EB090a, titanium discs. 
Element Trend in 
sample 
sequence 
Outliers Distribution 
Individual 
results 
Unit 
means 
Individual 
results 
Unit means 
Al no no no normal about normal 
B no no no normal normal 
Ce no no no normal about normal 
Co no no no normal normal 
Cr no no no normal normal 
Cu no no no normal normal 
Fe no no no normal normal 
Hf no yes one not normal not normal 
La no yes no about normal normal 
Mn no no no normal normal 
Mo no no no normal normal 
Nb no no no normal normal 
Ni no no no normal normal 
Pd no no no normal normal 
Ru no no no normal about normal 
Sb no no no unimodal normal 
Si no no no normal normal 
Sn no no no normal normal 
Ta no no no normal normal 
V no no no normal normal 
W no no no normal normal 
Y no no no normal normal 
Zr no no no normal normal 
C no no no normal normal 
H no no no normal normal 
N no no no normal normal 
O yes no no normal normal 
 
The data for Hf showed one sample with significantly higher values. The distribution was 
therefore not normal. Homogeneity for this element cannot be evaluated by ANOVA. 
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ERM-EB090b: 
Table 2: Results of the statistical evaluation of the homogeneity assessment of ERM-
EB090b, titanium chips.  
Element Trend in 
sample 
sequence 
Outliers Distribution 
Individual 
results 
Unit 
means 
Individual 
results 
Unit means 
Al no no no normal normal 
B no no no normal normal 
Ce no no no normal normal 
Co no no one normal about normal 
Cr no one no about normal normal 
Cu no no no normal normal 
Fe no no no normal normal 
Hf no no no normal normal 
La no no no normal normal 
Mg no no no normal normal 
Mn no no no normal normal 
Mo no no no normal normal 
Nb no no no normal normal 
Ni no no no normal normal 
Pd no no no normal normal 
Ru no no no normal about normal 
Sb no no no unimodal normal 
Si no yes no normal normal 
Sn no no no unimodal unimodal 
Ta no no no normal normal 
V no no no normal normal 
W no no no normal normal 
Y no no no normal normal 
Zr no no no normal normal 
C no no no normal normal 
H no no no normal normal 
N no no no normal normal 
O yes no no normal normal 
 
For O a trend in the filling sequence were found. This cannot be linked to a trend in the bars 
themselves: the individual chips were mixed so the content of each bottle is not in the 
sequence of the original bars. Nevertheless, these trends preclude the evaluation by ANOVA 
for O. An outlying bottle average were also found for Co. Also this outlying mean precludes 
the use of ANOVA for evaluation of the between-unit homogeneity, so homogeneity is 
quantified in a different way (see below). 
4.1.1.2 Quantification of the between-unit homogeneity 
Minor deviations from unimodality of the individual values do not significantly affect the 
estimate of between-unit standard deviations. 
Evaluation by ANOVA 
Only datasets showing no trends or outliers were used for this evaluation. The data for each 
material and element were tested for outlying laboratory variances using the Cochran 
procedure on a 99 % confidence level [8]. Data from laboratories with outlying variances 
were removed for the respective element. As only elements without outlying unit averages 
were included in this quantification, this does not mask inhomogeneity. For ERM-EB090a, 
datasets were removed for B (1 lab), Mo (1 lab), Sb (2 labs), Si (1 lab) and Ta (1 lab). For 
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ERM-EB090b, datasets were excluded for Co (1 lab), Cr (1 lab), Cu (1 lab), Mn (1 lab), Mo (2 
labs), Ni (1 lab), Pd (1 lab), Ru (2 labs), Sb (1 lab), Si (1 lab) Sn (1 lab), Ta (1 lab) V (1 lab) 
and W (2 labs). 
Quantification of between-unit heterogeneity was undertaken by two-way ANOVA without 
interaction of the original, non-normalised data using Statistica 13 (Dell Software, Round 
Rock, USA). This separates the between-unit variation (sbb) from the within-unit variation 
(swb). The latter is equivalent to the method intermediate precision. 
It should be noted that sbb,rel and swb,rel are estimates of the true standard deviations and are 
therefore subject to random fluctuations. Therefore, the mean square between groups 
(MSbetween) can be smaller than the mean squares within groups (MSwithin), resulting in 
negative arguments under the square root used for the estimation of the between-unit 
variation, whereas the true variation cannot be lower than zero. In this case, u*bb, the 
maximum inhomogeneity that could be hidden by method repeatability, was calculated as 
described by Linsinger et al. [9]. u*bb is comparable to the limit of detection (LOD) of an 
analytical method, yielding the maximum inhomogeneity that might be undetected by the 
given study setup.  
 
Method intermediate precision (swb,rel), between–unit standard deviation (sbb,rel) and u*bb,rel 
were calculated as:  
y 
within
rel,wb
MS
s =  Equation 1 
y
n
MSMS
s
withinbetween
rel,bb
−
=  Equation 2 
y
νn
MS
u
MSwithin
within
*
rel,bb
4
2
=  Equation 3 
 
MSwithin mean of squares within-unit from an ANOVA  
MSbetween mean of squares between-unit from an ANOVA 
y  mean of all results of the homogeneity study 
n mean number of replicates per unit (2) 
νMSwithin degrees of freedom of MSwithin  
 
Evaluation in the presence of outliers 
A different approach was adopted for analytes for which one or more outlying unit means 
were detected. In this case, the between-unit inhomogeneity was modelled as a rectangular 
distribution limited by the largest outlying unit mean, and the rectangular standard uncertainty 
of homogeneity was estimated by: 
y
youtlier
u rec
⋅
−
=
3
 Equation 4 
y  mean of all normalised results of the homogeneity study 
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Evaluation in the presence of a trend in the filling sequence 
When a trend in the filling sequence was significant at least at 99 % confidence level, the 
uncertainty was assessed in a different way. Here, urec was estimated using a rectangular 
distribution between the highest and lowest unit mean. The corrected uncertainty in those 
cases where there was a significant trend in the filling sequence is given in: 
y 
est resultsult - lowhighest re
u rec
⋅⋅
=
32
 Equation 5 
The results of these calculations are shown in Table 3 and Table 4.  
ERM-EB090a 
Table 3: Results of the homogeneity assessment of ERM-EB090a, titanium discs. n.c.: 
Cannot be calculated as MSB< MSW. sbb was not calculated for Hf as the data contain 
outliers. 
Element  swb,rel [%]
 
νMSbetween sbb,rel 
[%]
 
u*bb,rel 
[%] 
urec,rel 
[%] 
ubb,rel 
[%] 
Al 3.90 10 n.c. 1.67  1.67 
B 3.33 10 n.c. 1.42  1.42 
Ce 3.75 8 n.c. 1.69  1.69 
Co 2.70 12 n.c. 1.10  1.10 
Cr 2.37 14 n.c. 0.93  0.93 
Cu 5.60 12 n.c. 2.29  2.29 
Fe 1.82 14 0.83 0.72  0.83 
Hf  2.12 12 not applicable 13.47 13.47 
La 2.77 12 n.c. 1.19  1.19 
Mn 2.81 12 n.c. 1.15  1.15 
Mo 1.98 12 1.27 0.81  1.27 
Nb  2.56 14 2.69 1.05  2.69 
Ni 3.37 12 n.c. 1.37  1.37 
Pd 2.77 8 3.65 1.25  3.65 
Ru 2.45 10 n.c. 1.05  1.05 
Sb 3.07 8 n.c. 1.39  1.39 
Si 8.11 10 n.c. 3.47  3.47 
Sn 3.93 14 n.c. 1.54  1.54 
Ta 2.19 12 1.08 0.94  1.08 
V 2.05 12 n.c. 0.84  0.84 
W 2.21 12 1.35 0.90  1.35 
Y 3.21 6 n.c. 1.56  1.56 
Zr 2.50 14 n.c. 0.98  0.98 
C 3.17 6 2.47 1.54  2.47 
H 7.45 6 n.c. 3.62  3.62 
N 5.03 6 7.77 2.44  7.77 
O 1.38 6 1.82 0.67  1.82 
 
ISO Guide 35 [2] recommends at least 9 degrees of freedom for the experimental 
assessment of homogeneity for certified properties. Ce, Pd, Sb, Y C, H, N, and O do not fulfil 
this criterion, so only indicative or information values can be assigned for these elements. 
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ERM-EB090b: 
 
Table 4: Results of the homogeneity assessment of ERM-EB090b, titanium chips. 
Element  swb,rel [%]
 
νMSbetween sbb,rel 
[%]
 
u*bb,rel 
[%] 
urec,rel 
[%] 
ubb,rel 
[%] 
Al 4.11 19 n.c. 1.44  1.44 
B 2.93 13 1.53 1.11  1.53 
Ce 3.20 17 2.16 1.15  2.16 
Co 1.22 23 not applicable 0.89 0.89 
Cr 1.59 23 n.c. 0.53  0.53 
Cu 3.07 21 n.c. 1.05  1.05 
Fe 3.01 27 n.c. 0.98  0.98 
Hf 2.57 19 1.26 0.90  1.26 
La 3.05 17 2.86 1.10  2.86 
Mn 1.80 23 0.49 0.61  0.61 
Mo 1.58 23 1.57 0.53  1.57 
Nb 1.67 15 2.54 0.61  2.54 
Ni 1.61 15 0.78 0.57  0.78 
Pd 2.44 9 1.54 1.00  1.54 
Ru 1.53 9 0.70 0.62  0.70 
Sb 2.67 19 0.65 0.94  0.94 
Si 6.44 11 n.c. 2.53  2.53 
Sn 3.73 25 n.c. 1.23  1.23 
Ta 2.24 17 0.99 0.80  0.99 
V 1.48 21 0.93 0.51  0.93 
W 1.59 19 1.05 0.56  1.05 
Y 2.17 11 1.26 0.85  1.26 
Zr 2.74 23 0.71 0.92  0.92 
C 1.83 8 2.26 0.83  2.26 
H 4.41 6 2.11 2.14  2.14 
N 7.32 6 n.c. 3.55  3.55 
O 1.85 8 not applicable  1.01 
 
ISO Guide 35 [2] recommends at least 9 degrees of freedom for the experimental 
assessment of homogeneity. C, H, N and O do not fulfil this criterion, so only indicative or 
information values can be assigned for these elements. 
4.1.2 Homogeneity assessment of ERM-EB090b from re-testing of characterisation 
samples 
As described in 6.4.1, six samples of ERM-EB090b (sample numbers 136, 335, 402, 636, 
660, 721) were re-tested by one laboratory in quadruplicate under repeatability conditions. 
As this range of samples comprises the complete batch, the results from these 
measurements also can be used to assess homogeneity. As the number of samples is too 
low, the results cannot be used as stand-alone study, but can be used to confirm the results 
of the homogeneity assessment from the characterisation study. 
One digest gave extremely high values for Al (60 g/kg) and V (40 g/kg). An additional digest 
from another chip was prepared which was in line with the other samples. This deviating 
result stems from a contamination with a chip from a titanium-aluminium-vanadium alloy 
(TiAl6V4), which was processed at the same time, although the cutting, punching and 
bottling of the titanium and TiAl6V4 chips were done in sequence to prevent such cross-
contamination. The fact that none of the data in the characterisation study showed such 
deviating results proves that this cross-contamination is rare. 
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The data were evaluated by ANOVA following the approaches described in 4.1.1.1 and 
4.1.1.2 One single value for Nb was flagged as outlier and trends in the analytical sequence 
were detected for Ru and Sb. These data were retained and used uncorrected, as the 
purpose of this evaluation was only the confirmation of previous results. 
No outlying unit average nor any trend in the filling sequence was detected.  
Table 5: Results of the homogeneity assessment of the re-testing of ERM-EB090b, titanium 
chips. 
Element  swb,rel [%]
 
sbb,rel 
[%]
 
u*bb,rel 
[%] 
ubb,rel 
[%] 
Al 1.69 1.48 0.49 1.48 
B 1.98 1.65 0.57 1.65 
Ce 1.83 1.18 0.53 1.18 
Co 1.16 0.99 0.34 0.99 
Cr 1.28 0.43 0.37 0.43 
Cu 1.79 0.86 0.52 0.86 
Fe 1.76 0.14 0.51 0.51 
Hf  1.27 0.83 0.37 0.83 
La 2.62 1.09 0.76 1.09 
Mn 1.84 n.c. 0.53 0.53 
Mo 1.21 0.79 0.35 0.79 
Nb  3.32 1.20 0.96 1.20 
Ni 1.18 1.06 0.34 1.06 
Pd 1.52 0.32 0.44 0.44 
Ru 1.43 n.c. 0.42 0.42 
Sb 1.21 0.22 0.35 0.35 
Si 3.78 1.45 1.09 1.45 
Sn 1.83 1.84 0.53 1.84 
Ta 1.74 1.28 0.50 1.28 
V 1.11 1.32 0.32 1.32 
W 2.48 n.c. 0.72 0.72 
Y 0.50 0.78 0.14 0.78 
Zr 1.28 1.08 0.37 1.08 
 
The results of this evaluation are for most elements in the same range as from the evaluation 
of the characterisation study. The values obtained from data in the characterisation study ( 
Table 4) were used for value assignment due to their higher degrees of freedom. 
4.1.3 Conclusion 
The homogeneity study showed that both materials are sufficiently homogeneous to be used 
as CRMs. For most elements, no outlying unit means or trends in the filling sequence were 
detected. Therefore the between-unit standard deviation can be used as estimate of ubb. As 
u*bb sets the limits of the study to detect inhomogeneity, the larger value of sbb and u*bb is 
adopted as uncertainty contribution to account for potential inhomogeneity. 
For a few elements one outlying unit mean or trends in the filling sequence were found. 
However, taking these extreme values into account, the inhomogeneity quantified as urec is 
still sufficiently small to make the material useful. Therefore, urec was used as an estimate of 
ubb in these cases.  
4.2 Within-unit homogeneity and minimum sample intake 
The within-unit homogeneity is closely related to the minimum sample intake. Individual 
aliquots of a material will not contain the same amount of analyte. The minimum sample 
intake is the minimum amount of sample that is representative for the whole unit and thus 
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should be used for analysis. Using sample sizes equal or above the minimum sample intake 
guarantees the certified value within its stated uncertainty.  
The minimum sample intake was determined from the results of the characterisation study, 
using the method information supplied by the participants. The smallest sample intake that 
still yielded results with acceptable precision to be included in the respective studies was 
taken as minimum sample intake. The method using the smallest sample intake is GD-MS: 
these measurements used a spot size of about 8 mm and a spot depth of approximately 
0.2 mm. Using a density of 4.5 g/cm3, this corresponds to a sample intake of 50 mg. As both 
ERM-EB090a and ERM-EB090b were tested by GDMS, this sample intake applies to both 
materials. 
This low sample intake was confirmed by measurements performed by spark-OES: three 
sparks on each disc/bottle were performed and Al, B, Cu. Fe, Mo, Nb, Ni, Pd, Ru, Si, Sn, V, 
Y and Zr were quantified. Standard deviations on each day were between 1 and 7 % for each 
element, which shows that both materials are suitable for micro-analytical techniques (data 
not shown).  
5 STABILITY 
Titanium is very resistant to many chemicals. In fact, this resistance is the basis for its use in 
chemical industry. As the elements in the material are homogeneously distributed in the 
metal titanium matrix, no change of the element mass fraction can occur.  
Based on knowledge of the nature of the material, it is concluded that the risk of changes 
during storage at room temperature or transport at ambient conditions are negligible.  
Although change of the material during long-term storage is virtually impossible, the validity 
of the certificate is limited to 10 years after sales to limit potential liability. 
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6 CHARACTERISATION  
The material characterisation is the process of determining the property values of a reference 
material. 
This was based on an interlaboratory comparison of expert laboratories, i.e. the mass 
fractions of the elements were determined in different laboratories that applied different 
measurement procedures to demonstrate the absence of a measurement bias. This 
approach aims at randomisation of laboratory bias, which reduces the combined uncertainty. 
6.1 Selection of participants  
Eleven laboratories were selected based on criteria that comprised both technical 
competence and quality management aspects. Each participant was required to operate a 
quality system and to deliver documented evidence of its laboratory proficiency in the field of 
element measurements in metals. Having a formal accreditation was not mandatory, but 
meeting the requirements of ISO/IEC 17025 was obligatory. Where measurements are 
covered by the scope of accreditation, the accreditation number is stated in the list of 
participants (Section 2). 
6.2 Study setup  
Each laboratory received three bottles and/or discs of ERM-EB090a and/or ERM-EB090b 
and was requested to provide six independent results, two per bottle/disc. The samples for 
each material characterisation were selected using a random stratified sampling scheme and 
covered the whole batch. Measurements were performed under intermediate precision 
conditions. This means that sample preparation for three samples and one quality contro 
sample were performed on day one and for the other three samples and one quality control 
sample on day two. Also quantification was performed on at least wto days (usually again 4 
samples plus one quality control sample quantified an day 1 and the remaining samples 
quantified on day two). The only exception of this was k0NAA, where for logistical reasons all 
samples were in the same irradiation. 
Each participant received a sample of the CRM BCR-090a and/or BCR-090b (trace elements 
in titanium; BCR-090a is in the form of discs similar to ERM-EB090a and BCR-090b is in the 
form of small cubes) as a quality control (QC) sample. The results for this sample were used 
to support the evaluation of the characterisation results. 
Laboratories were also requested to give estimations of the expanded uncertainties of the 
mean value of the six results. No approach for the estimation was prescribed, i.e. top-down 
and bottom-up were regarded as equally valid procedures. 
6.3 Methods used 
Normal pressure digestion methods using different acid mixtures (HCl/HNO3, HCl/HNO3/HF, 
H2SO4, HCl/HNO3/HClO4) with different quantification steps (ICP-MS, ICP-OES, photometry) 
as well as methods without sample preparation (k0NAA; GDMS, combustion-IR, IGFA-IR and 
IGFA-TCD) were used to characterise the material. The combination of results from methods 
based on completely different principles mitigates undetected method bias. 
All methods used during the characterisation study are summarised in Annex B. The 
laboratory code (e.g. L1) is a random number and does not correspond to the order of 
laboratories in Section 2. The lab-method code consists of a number assigned to each 
laboratory (e.g. L1) and abbreviation of the measurement method used, (e.g. L1-ICP-MS). 
6.4 Evaluation of results 
The characterisation study resulted in 2 to 6 datasets per element for ERM-EB090a and 3 to 
13 datasets for ERM-EB090b. All individual results of the participants, grouped per element 
are displayed in tabular and graphical form in Annex C.  
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6.4.1 Technical evaluation 
The obtained data were first checked for compliance with the requested analysis protocol 
and for their validity based on technical reasons. The following criteria were considered 
during the evaluation:  
- compliance with the analysis protocol: sample preparations and measurements 
performed on two days. 
- absence of values given as below limit of detection or below limit of quantification  
- method performance, i.e. agreement of the measurement results with the assigned 
value of the QC sample.  
The check of the agreement of the certified value of the QC with the measurement value was 
based on ERM Application Note 1 [11], i.e. the comparison of the absolute difference 
between the measured result and the certified or indicative value with the expanded, 
combined uncertainty of the difference which comprises the uncertainty of the certified value 
and the measurement uncertainty. Where stated uncertainties were based on the observed 
standard deviation of the measurements in the study, a lower limit of 5 % was set for 
expanded uncertainties for all elements except B, for which a limit of 10 % was set. This limit 
is based on the experience that expanded uncertainties for trace analysis below 5 % (10 % 
for B) are very difficult to achieve in practice and that lower standard deviations do not 
properly reflect the measurement uncertainty. 
The results of laboratory 9 for Ru and laboratory 11 for Zr for subsample of ERM-EB090b 
differed by 15 % from the results of the respective labs for the other bottles. Results from 
laboratory 5 for Cr, Fe, Hf, Mn, Mo, Nb, Ni, Pd, Ru, Sb, Si, Sn and Zr also either showed 
large differences between results from one bottle or differed consistently from the results of 
other laboratories. To investigate whether these deviations are due to within- or between-
bottle inhomogeneity or technical problems in the laboratory, all bottles were returned by the 
laboratories and all three bottles tested by L5 and the two bottles showing the differing 
results from L9 and L11 were re-tested by L3 together with one sample from a laboratory that 
had shown no differing results. Four replicate measurements for Cr, Fe, Hf, Mn, Mo, Nb, Ni, 
Pd, Ru, Sb, Si, Zr, Al, B, Ce, Co, Cu, La, Sn, Ta, V, W and Y were performed under 
repeatability conditions. The results showed relative standard deviations (RSD) between 0.9 
and 4 %, demonstrating the equivalence of these bottles. The differences observed in the 
three laboratories are therefore due to a technical problem. Consequently, the values for Ru 
from L9, Zr from L11 and data for all metals and B from L5 were removed from the further 
evaluation. 
Other observations are described below: 
Laboratory 1: The values from ICP-OES for BCR-90 differed from the certified values for B, 
Co, Cr, Fe, Mo, Ni, Sn and V, but agreed for Zr, W, Si, Mn and Cu. The digestion procedure 
for ICP-OES was the same as for the ICP-MS, the results of which agreed with the 
certified/indicative values, indicating a quantification issue rather than a sample preparation 
problem. The values for the disagreeing elements were therefore not included in the value 
assignment. The laboratory also stated that the Sb values obtained by ICP-OES were below 
the reporting limit (but above the limit of detection) and should therefore not have been 
reported. The data for Sb were subsequently not used for the characterisation of both 
materials.  
The laboratory reported for Mg for ERM-EB090a results below 1.2 mg/kg with both ICP-MS 
and ICP-OES. Results given as "<x" were not included in the evaluation. 
Laboratory 3: Only 3 replicate measurements were performed on ERM-EB090b for Y, Ru, 
Pd and B since an insufficient amount of material was available. As the main variation is 
usually between laboratories and not within, the lower number of data for these elements 
does not gravely affect the outcome and the evaluation was based on three results for these 
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elements. Results for B (disc only) disagreed with the assigned values of BCR-090a and 
these values were subsequently not used for characterisation.  
Laboratory 5: The value for Ni for the discs (BCR-090a) and for Cr, Cu, Mn, Mo, Sn W, Zr 
for the cubes (BCR-090b) disagreed with the certified values, with the values always 
(exception Cu) below the certified values. While there was a general tendency towards low 
values also for the discs, these differences were mostly covered by the often large 
uncertainties (25 %).   
Values for the cubes differed in several cases (Cr, Cu, Fe, La, Mn, Mo, Nb, Ru, Sb, Si, Sn, 
Ta, V, W, Zr). While the results of the other laboratories for these two samples usually 
differed only by a few percent, the results from L5 differed usually by 10 percent (and up to a 
factor of 2-3 for Si and Sb and 10 for Ru). No explanation for this variation could be found: 
The laboratory used four different digestion protocols for sample intakes of 100 mg, 250 mg, 
500 mg and 1000 mg. However, for most elements either the same sample intake had been 
used for cubes and discs or the laboratory used two sample intakes for one material (e.g. 
250 mg and 1 g for the cubes) without clear influence. The same differences between mean 
of measurement results for the discs and the chips were seen for the ERM-EB090a and 
ERM-EB090b.  
In addition, the laboratory reported widely differing results for different bottles of ERM-
EB090b, which were refuted by re-testing.   
The unexplained discrepancy between the results from discs and cubes/chips, the 
disagreement of several results from the certified values and observed differences between 
various bottles that were refuted by re-testing casts doubts on the complete dataset for 
metals and B. Therefore, all data for metals and B were excluded from characterisation. The 
data for C, H, N and O were obtained by completely different methods and were retained. 
Laboratory 6: The Mo-values BCR-090b were significantly below the certified values, while 
the value for the discs agreed. The same pattern was found for ERM-EB090a and b, where 
higher values were reported for the discs than for the chips. Due to the deviation for the 
certified value for the cubes, the Mo-data were not used for the characterisation of ERM-
EB090b. 
Laboratory 9 (ERM-EB090b only): The data for Mo were just above the certified value when 
taking the uncertainty into consideration. As the deviation was very small, the values were 
retained. The results for Sn and V or BCR-090b different from the certified values and the 
data were not used for characterisation.   
The laboratory reported data from short and long irradiation for Co, Cr, Cu La, Mo, Pd, Sb, 
Ta and W. For Cr, only the data from the long irradiation was used, as Ru causes 
interferences in the short irradiation. For Cu, only the data from the short irradiation were 
used, as the data from the long irradiation have bad counting statistics. For al other 
elements, both datasets were used. 
Laboratory 10 (ERM-EB090b only): The photometric values for Ni for BCR-090b differed 
from the certified value. However, the difference was below 5 % so the values were retained. 
Laboratory 11 (ERM-EB090b only): The values for Co, Cr and Mn for BCR-090b differed 
from the certified value due to the low uncertainties of the laboratory means. However, as the 
differences were minor (only 5-6 %), the values were retained. 
Table 6 summarises these observations and the actions taken. 
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Table 6: Datasets that showed non-compliances with the analysis protocol and technical 
specifications and action taken. El: Element 
El. Material Lab-method 
code 
Description of problem Action taken 
Al ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent for many 
other elements  
Data not used 
B ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L3-ICP-MS Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L3-ICP-MS Only 3 measurements performed Data retained 
L5-ICP-OES Dataset is inconsistent Data not used 
Ce ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
Co ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
L11-INAA Result for QCM differed from 
assigned value by a small degree 
Data retained 
Cr ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
L9-k0NAA Possible interference by Ru in the 
short irradiation 
Data not used 
L11-INAA Result for QCM differed from 
assigned value by a small degree 
Data retained 
Cu 
 
ERM-EB090a L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
ERM-EB090b L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
L9-k0NAA Poor counting statistics in the long 
irradiation 
Data not used 
Fe ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
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El. Material Lab-method 
code 
Description of problem Action taken 
L5-ICP-OES Dataset is inconsistent Data not used 
Hf ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent Data not used 
La ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
Mn ERM-EB090a L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L5-ICP-OES Dataset is inconsistent Data not used 
L11-INAA Result for QCM differed from 
assigned value by a small degree 
Data retained 
Mo ERM-EB090a L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
L6-k0NAA Result for QCM differed from 
assigned value 
Data not used 
L9-k0NAA Result for QCM differed from 
assigned value by a small degree 
Data retained 
Nb ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent Data not used 
Ni ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
L10-PHOT Result for QCM differed from 
assigned value due to small 
uncertainty 
Data retained 
Pd ERM-EB090a L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L3-ICP-MS Only 3 measurements performed Data retained 
L5-ICP-OES Dataset is inconsistent Data not used 
Ru ERM-EB090a L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L3-ICP-MS Only 3 measurements performed Data retained 
L5-ICP-OES Dataset is inconsistent Data not used 
L9-k0NAA Significant difference in one bottle 
which was refuted by re-testing 
Data not used 
Sb ERM-EB090a 
ERM-EB090b 
L1–ICP-OES Values below reporting limit Data not used 
L5-ICP-OES Dataset is inconsistent Data not used 
Si ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent Data not used 
Sn ERM-EB090a 
ERM-EB090b 
L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
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El. Material Lab-method 
code 
Description of problem Action taken 
L5-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
Ta ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent Data not used 
V ERM-EB090a  L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
ERM-EB090b L1-ICP-OES Result for QCM differed from 
assigned value 
Data not used 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
L9-k0NAA Result for QCM differed from 
assigned value 
Data not used 
W ERM-EB090a 
ERM-EB090b 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
Y ERM-EB090b L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
ERM-EB090b L3-ICP-MS Only 3 measurements performed Data retained 
L5-ICP-OES Dataset is inconsistent for many 
other elements 
Data not used 
Zr ERM-EB090a L5-ICP-OES Dataset is inconsistent Data not used 
ERM-EB090b L5-ICP-OES Dataset is inconsistent Data not used 
L11-INAA Significant difference in one bottle 
which was refuted by re-testing 
Data not used 
6.4.2 Statistical evaluation 
Data for ERM-EB090a and ERM-EB090b were evaluated separately as described below.  
The statistical evaluation was performed in three steps: First, data for ERM-EB090a and b 
were evaluated separately for consistency. Second, the values for ERM-EB090a and b were 
compared to confirm/refute the assumption of equivalence. Finally, consistent datasets were 
pooled and again evaluated for consistency. 
The datasets for ERM-EB090a and ERM-EB090b accepted based on technical reasons were 
tested for normality of dataset means using kurtosis/skewness tests and normal probability 
plots and were tested for outlying means using the Grubbs test and using the Cochran test 
for outlying standard deviations, (both at a 99 % confidence level). Standard deviations within 
(swithin) and between (sbetween) laboratories were calculated using one-way ANOVA. The 
results of these evaluations are shown in Table 7 and Table 8. 
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ERM-EB090a 
Table 7: Statistical evaluation of the technically accepted datasets for ERM-EB090a, titanium 
discs. p: number of technically valid datasets. 
Element p Outliers Normally 
distributed 
Statistical parameters  
Means Variances Mean 
[mg/kg] 
s 
[mg/kg] 
sbetween 
[mg/kg] 
swithin 
[mg/kg] 
Al 5 no no yes 769.3 73.5 72.7 25.6 
B 3 too few datasets 77.71 7.36 too few datasets 
Ce 3 too few datasets 14.26 2.00 too few datasets 
Co 4 too few datasets 454.7 33.0 too few datasets 
Cr 5 no no yes 470.1 19.0 18.5 11.0 
Cu 5 no no yes 132.5 7.3 6.8 6.7 
Fe 5 no no yes 1848 31 26 41 
Hf 3 too few datasets 97.01 6.47 too few datasets 
La 2 too few datasets 12.28 1.26 too few datasets 
Mg 2 too few datasets 1.333 0.330 too few datasets 
Mn 5 no no yes 284.0 14.1 13.7 7.8 
Mo 5 no no bimodal 488.9 32.1 31.5 16.1 
Nb 3 too few datasets 479.3 19.7 too few datasets 
Ni 4 too few datasets 402.4 21.5 too few datasets 
Pd 3 too few datasets 108.0 16.2 too few datasets 
Ru 4 too few datasets 456.8 28.9 too few datasets 
Sb 4 too few datasets 11.98 3.48 too few datasets 
Si 5 no L1-OES yes 154.9 49.0 48.7 14.2 
Sn 5 no no yes 494.3 37.8 37.0 19.7 
Ta 3 too few datasets 101.9 6.2 too few datasets 
V 4 too few datasets 667.2 40.3 too few datasets 
W 5 no no yes 510.7 39.3 39.0 12.6 
Y 2 too few datasets 10.64 0.75 too few datasets 
Zr 6 no no about 507.9 20.3 19.8 11.7 
C 3 too few datasets 322.7 23.2 too few datasets 
H 3 too few datasets 41.91 3.69 too few datasets 
N 3 too few datasets 132.4 43.3 too few datasets 
O 3 too few datasets 3132 405  too few datasets 
 
In general, rather few datasets are obtained which makes the detection of outliers and 
especially statements about distributions rather uncertain.  
The laboratory means of Mo seemed to follow a bimodal distribution. Again, results were in 
agreement when taking the measurement uncertainties into account, so the values were 
retained. 
One of thew two datasets for Mg gave three of the six results as "< 1.2 mg/kg" and these 
results were not included in the average. The average is therefore very uncertain. 
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ERM-EB090b 
Table 8: Statistical evaluation of the technically accepted datasets for ERM-EB090b, titanium 
chips. p: number of technically valid datasets. 
Element p Outliers Normally 
distributed 
Statistical parameters  
Means Variances Mean 
[mg/kg] 
s 
[mg/kg] 
sbetween 
[mg/kg] 
swithin 
[mg/kg] 
Al 8 no no yes 788.5 60.2 58.9 31.2 
B 5 L4 no no 79.52 9.09 9.48 2.83 
Ce 7 
L10 - 
OES no no 15.51 4.53 4.52 0.61 
Co 10 no L6 yes 457.1 23.7 22.5 8.3 
Cr 10 no L6 yes 469.7 11.5 10.9 8.9 
Cu 10 no L3 no 129.2 6.2 5.8 5.1 
Fe 10 no no yes 1820.6 52.0 47.1 54.1 
Hf 8 no no yes 90.8 3.3 3.2 2.5 
La 7 no no yes 12.97 1.54 1.47 0.49 
Mg 3 too few datasets 5.656 0.52 too few datasets 
Mn 11 no L4 yes 289.8 10.6 10.3 5.7 
Mo 10 no L3, L4, L9 yes 480.3 22.5 22.2 14.0 
Nb 6 no no yes 475.7 15.8 15.4 8.8 
Ni 7 no L3 yes 410.3 23.7 23.4 10.1 
Pd 5 no L4 yes 107.5 14.3 13.3 5.6 
Ru 6 no L4, L6 yes 460.3 19.2 18.8 15.0 
Sb 8 L4 L4, L6, L9 no 11.22 2.15 2.05 0.39 
Si 5 no L1-OES yes 170.5 43.6 43.0 18.2 
Sn 11 no L11 yes 481.1 26.1 24.3 23.6 
Ta 8 no L4 yes 96.15 3.51 3.36 2.82 
V 8 no L10-OES yes 672.8 20.7 20.0 13.2 
W 10 no L4, L6 yes 503.9 19.4 18.7 13.5 
Y 5 no no yes 10.9 0.8 0.8 0.3 
Zr 10 no no yes 506.0 18.7 17.8 14.1 
C 4 too few datasets 338.8 28.3 too few datasets 
H 3 too few datasets 44.1 3.4 too few datasets 
N 3 too few datasets 132.8 39.3 too few datasets 
O 4 too few datasets 2460 1465 too few datasets 
 
One statistical outlying mean value was detected for Ce and Sb. The laboratories were 
contacted for potential explanation.  
No technical explanation could be found for the higher Ce-value for L10. The measurements 
were repeatable and came from digests from which also Hf, La, Y and Zr were measured, 
making a general error in the digestion unlikely. Only H2SO4 was used for these elements to 
prevent the precipitation of fluorides. However, as also instrumental methods (k0NAA, 
GDMS) give lower results, precipitation in other laboratories is an unlikely explanation. As 
there is no technical reason to favour the value of the other laboratories over the value of 
L10, no value can be assigned for Ce. 
The value for Sb of L4 by GDMS is significantly higher than those of other laboratories. This 
was also the case for ERM-EB090a, but due to the lower number of results, the value was 
flagged as an outlier only on a 95, but not on a 99 % confidence level. The calibration was 
performed via relative sensitivity factors established by the producer of the instrument and 
those were checked using a CRM (Brammer Standards BST-80). This CRM, however does 
not have certified values for Sb so it could be hypothesized that the factor is incorrect. 
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However, the same is true for the Ta value, which agrees with all the other results. In 
addition, the agreement of the results for all other elements for the CRM sent as QCM 
speaks against this explanation. As there is no technical reason to favour the value of the 
other laboratories over the value of L4, no value can be assigned for Sb. 
As ERM-EB090a and ERM-EB090b are derived from the same titanium bars, the values 
should be indistinguishable from each other. This was tested in two ways. In a first step, the 
mean values shown in Table 7 and Table 8 were tested for significant differences on a 95 % 
confidence level using the standard deviations of means listed in the same tables. For none 
of the means a significant difference was found. As seen in Table 7 and Table 8, differences 
between laboratories are for most elements much larger than within laboratories. The 
between-laboratory differences could therefore mask a between-material effect. Therefore, a 
more sensitive test aimed at eliminating the between-laboratory effects was applied. The 
technically accepted datasets of the laboratories that had tested both ERM-EB090a and 
ERM-EB090b (L1, L2, L3, L4 and L6) were normalised to the respective laboratory average 
of ERM-EB090a. For each element, a double-sided t-test for differences between the two 
means was performed. The tests were based on the individual results for each material (12 – 
36) which resulted in much higher degrees of freedom. The results of these tests are shown 
below: 
Table 9: Differences and the error probability when rejecting the hypothesis of a difference of 
zero. 
Element Difference [%] Error probability [%] 
Al 2.3 0.1 
B 4.7 1.4 
Ce 9.1 0.2 
Co 0.5 52.2 
Cr 0.4 58.7 
Cu 0.1 87.0 
Fe 0.5 43.3 
Hf 7.0 0.2 
La 11.3 0.1 
Mg 424 0.0 
Mn 4.3 1.3 
Mo 3.8 2.6 
Nb 2.1 18.5 
Ni 2.9 0.5 
Pd 0.7 68.5 
Ru 1.8 25.5 
Sb 0.4 71.7 
Si 12.1 0.0 
Sn 1.3 13.4 
Ta 3.2 4.9 
V 0.6 29.9 
W 2.0 5.7 
Y 1.3 30.8 
Zr 1.5 7.2 
C 7.1 5.7 
H 9.4 3.0 
N 0.6 26.4 
O 1.6 29.9 
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The differences were usually small, with the notable exception of La, Si and Mg. The 
difference for Si might be related to the inhomogeneity detected in the homogeneity 
assessment ( 
Table 4). The difference for La was of a similar order of magnitude as the between-laboratory 
standard deviations. The results for Mg were completely inconsistent. No explanation could 
be found why the same laboratory found 4 times the value for ERM-AB090b than for ERM-
EB090a. Many of the differences for the other were not significant on a 95 % confidence 
level.  
As the evaluation confirmed the practical equivalence of the element mass fractions of ERM-
EB090a and b. As there were no outlying laboratory means when taking the uncertainties 
into account (Sb and Ce were not included in this evaluation as the data for ERM-EB090b 
contained unexplained outlying laboratory means, accepted datasets for the two materials 
were pooled. As the main difference was between laboratories and not between materials, 
results from the same laboratory and element for the two materials are not independent and 
the results were therefore treated as replicates of the same (composite) material. This 
resulted in different numbers of replicates per element and laboratory, but corresponds to the 
real variation between results. The results are shown in Table 10.  
 
Table 10: Statistical evaluation of the combined technically accepted datasets for ERM-
EB090a and ERM-EB090b. p: number of technically valid datasets.. For N and O, the range 
of laboratory means rather than the average is given. approx. approximately 
Element p Outliers Normally 
distributed 
Statistical parameters  
Means Variances Mean 
[mg/kg] 
s 
[mg/kg] 
sbetween 
[mg/kg] 
swithin 
[mg/kg] 
Al 8 no no yes 782.8 57.8 63.7 30.3 
B 5 no L4 yes 78.17 6.89 7.71 4.86 
Co 10 no L6, L4, L2 yes 456.5 21.3 23.8 11.6 
Cr 10 no L6 yes 470.7 10.2 10.3 12.6 
Cu 10 no L9, L3 yes 130.1 5.2 4.6 9.5 
Fe 11 no L11 yes 1820 47 40 50 
Hf 8 no L4 yes 92.14 3.17 2.52 4.97 
La 7 no L4 yes 13.17 1.18 1.22 0.90 
Mg 3 too few datasets 4.368 0.827 0.181 2.214 
Mn 11 no L2 yes 287.9 9.6 10.5 7.9 
Mo 11 no L3 yes 484.1 24.7 25.1 14.4 
Nb 6 no L4 approx. 478.5 10.3 7.58 16.6 
Ni 7 no L4 yes 406.2 19.6 20.2 15.1 
Pd 5 no no yes 107.7 14.3 13.9 4.8 
Ru 6 no no yes 462.4 21.4 19.9 16.7 
Si 5 no no yes 162.7 46.1 45.8 18.2 
Sn 11 no no yes 482.9 27.5 28.0 23.4 
Ta 8 no L4 yes 96.79 4.39 4.42 4.03 
V 8 no no yes 672.1 24.4 26.8 13.8 
W 10 no L4, L6 approx. 506.5 22.4 24.7 15.3 
Y 5 no no yes 10.97 0.75 0.76 0.31 
Zr 10 no no yes 508.5 16.4 15.2 16.4 
C 4 too few datasets 331.6 23.3 too few datasets 
H 3 too few datasets 43.00 3.24 too few datasets 
N 3 too few datasets 86-163 variation too large 
O 4 too few datasets 305-3400 variation too large 
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There is no evidence against the assumption of normal distribution of laboratory averages. 
None of the data contains outlying means. Most elements contain outliers of variance. This 
merely reflects the fact that different methods have different intrinsic variability. As all 
measurement methods were found technically sound, all results were retained. The datasets 
are therefore consistent and the mean of laboratory means is a good estimate of the true 
value.  
Results for Mg are inconclusive: Results for ERM-EB090a are around 1.2 mg/kg, those for 
ERM-EB090b are significantly higher, so no value can be assigned. No clear conclusion can 
be drawn on the data for C and H, as too few datasets were received. The range for N and O 
spans a factor 2 (N) or 10 (O), so no value can be assigned. 
The uncertainty of characterisation consists of two parts: one reflecting the variation of 
laboratory means, which is estimated as the standard error of the mean of means. The 
second part reflects any potential difference (udif) between ERM-EB090a and ERM-EB090b. 
This contribution was modelled as a rectangular distribution. The magnitude per element was 
estimated as half of the differences listed in Table 9 divided by the square root of three. All 
uncertainties of characterisation are shown in Table 11. 
 
Table 11: Uncertainty of characterisation for ERM-EB090a and ERM-EB090b 
Element p Mean 
[mg/kg] 
s 
[mg/kg] 
serel 
[%] 
udif,rel 
[%] 
uchar. rel 
[%] 
Al 8 782.8 57.8 2.61 0.66 2.69 
B 5 78.17 6.89 3.94 1.36 4.17 
Co 10 456.5 21.3 1.48 0.14 1.48 
Cr 10 470.7 10.2 0.69 0.12 0.69 
Cu 10 130.1 5.2 1.27 0.03 1.27 
Fe 11 1820.14 47.45 0.78 0.14 0.79 
Hf 8 92.14 3.17 1.22 2.02 2.36 
La 7 13.17 1.18 3.39 3.26 4.70 
Mn 11 287.9 9.6 1.01 1.24 1.60 
Mo 11 484.1 24.7 1.54 1.10 1.89 
Nb 6 478.5 10.3 0.88 0.61 1.07 
Ni 7 406.2 19.6 1.83 0.84 2.01 
Pd 5 107.7 14.3 5.93 0.20 5.94 
Ru 6 462.4 21.4 1.89 0.52 1.96 
Si 5 162.7 46.1 12.68 3.49 13.14 
Sn 11 482.9 27.5 1.72 0.38 1.76 
Ta 8 96.79 4.39 1.61 0.92 1.85 
V 8 672.2 24.4 1.28 0.17 1.30 
W 10 506.5 22.4 1.40 0.58 1.51 
Y 5 10.97 0.75 3.06 0.38 3.08 
Zr 10 508.5 16.4 1.02 0.43 1.11 
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7 VALUE ASSIGNMENT 
Certified, indicative and informative values were assigned. 
Certified values are values that fulfil the highest standards of accuracy. Procedures at the 
JRC, Directorate F generally require pooling of not fewer than 6 datasets to assign certified 
values. Full uncertainty budgets in accordance with the 'Guide to the Expression of 
Uncertainty in Measurement' [4] were established.  
Indicative values are values where either the uncertainty is deemed too large or where too 
few independent datasets were available to allow certification. Uncertainties are evaluated 
according to the same rules as for certified values. 
Additional material information refers to values that were obtained in the course of the study. 
For example, results reported from only one or two laboratories or in cases where individual 
measurement uncertainty is high, would fall under this category.  
All measurements for the homogeneity and characterisation studies were reported in mg/kg. 
To be in line with the rounding rules of the Reference Materials Unit, all assigned values are 
given in g/kg. 
7.1 Certified values and their uncertainties 
The unweighted mean of the means of the accepted datasets as shown in Table 9 was 
assigned as certified value for each parameter.  
The assigned uncertainty consists of uncertainties relating to characterisation, uchar (Section 
6, potential between-unit inhomogeneity, ubb (Section 4.1), and potential degradation during 
transport, usts, and long-term storage, ults (Section 5). The uncertainty related to degradation 
during transport/long-term storage is negligible. These different contributions were combined 
to estimate the relative expanded uncertainty of the certified value (UCRM, rel) with a coverage 
factor k given as:  
2
rel char,
2
rel lts,
2
rel sts,
2
rel bb,rel CRM, uuuukU +++⋅=  Equation 6 
- uchar was estimated as described in Section 6  
- ubb was estimated as described in Section 4.1. 
- usts and ults are negligible as discussed in Section 5 
The effective number of degrees of freedom was calculated using the Welch-Sattertwaithe 
equation [4] and were for all elements above 8. Because of the sufficient numbers of the 
degrees of freedom of the different uncertainty contributions, a coverage factor k of 2 was 
applied, to obtain the expanded uncertainties.  
The certified values and their uncertainties are summarised in Table 12 and Table 14. 
Because the uncertainty of homogeneity differs between ERM-EB090a and ERM-EB090b, 
the overall uncertainties differ as well. 
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Table 12: Certified values and their uncertainties for ERM-EB090a, titanium discs 
Element 
Certified value 
[g/kg] 
uchar,rel 
[%] 
ubb,rel 
[%] 
UCRM 
[g/kg] 
Al 0.78 2.69 1.67 0.05 
Co 0.457 1.48 1.10 0.017 
Cr 0.471 0.69 0.93 0.011 
Cu 0.130 1.27 2.29 0.007 
Fe 1.82 0.79 0.83 0.05 
Hf 0.092 2.36 13.47 0.026 
La 0.0132 4.70 1.19 0.0013 
Mn 0.288 1.60 1.15 0.012 
Mo 0.484 1.89 1.27 0.022 
Nb 0.479 1.07 2.69 0.028 
Ni 0.406 2.01 1.37 0.020 
Ru 0.462 1.96 1.05 0.021 
Sn 0.483 1.76 1.54 0.023 
Ta 0.097 1.85 1.08 0.005 
V 0.672 1.30 0.84 0.021 
W 0.507 1.51 1.35 0.021 
Zr 0.509 1.11 0.98 0.015 
 
 
Table 13: Certified values and their uncertainties for ERM-EB090b, titanium chips 
Element 
Certified value 
[g/kg] 
uchar,rel 
[%] 
ubb,rel 
[%] 
UCRM 
[g/kg] 
Al 0.78 2.69 1.44 0.05 
Co 0.457 1.48 0.89 0.016 
Cr 0.471 0.69 0.53 0.009 
Cu 0.130 1.27 1.05 0.005 
Fe 1.82 0.79 0.98 0.05 
Hf 0.092 2.36 1.26 0.005 
La 0.0132 4.70 2.86 0.0015 
Mn 0.288 1.60 0.61 0.010 
Mo 0.484 1.89 1.57 0.024 
Nb 0.479 1.07 2.54 0.027 
Ni 0.406 2.01 0.78 0.018 
Ru 0.462 1.96 0.70 0.020 
Sn 0.483 1.76 1.23 0.021 
Ta 0.097 1.85 0.93 0.005 
V 0.672 1.30 0.97 0.022 
W 0.507 1.51 1.05 0.019 
Zr 0.509 1.11 0.92 0.015 
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7.2 Indicative values and their uncertainties 
Indicative values were assigned for B, Pd, Si and Y as the number of datasets in the 
characterisation was too low. In the case of few datasets, the coverage factor was chosen 
according to the effective degrees of freedom. Indicative values may not be used as certified 
values. The uncertainty budgets were set up as for the certified values and are listed 
together with the assigned values in Table 14 and Table 15.  
Table 14: Indicative values and their uncertainties for ERM-EB090a, titanium discs 
Element Indicative value 
[g/kg] 
uchar, rel 
[%] 
ubb, rel 
[%] 
k-factor UCRM 
[g/kg] 
B 0.078 4.17 1.42 2.45 0.009 
Pd 0.108 5.94 3.65 2.00 0.015 
Si 0.16 13.14 3.47 2.57 0.06 
Y 0.0110 3.08 1.56 2.45 0.0010 
 
 
Table 15: Indicative values and their uncertainties for ERM-EB090b, titanium chips 
Element Indicative value 
[g/kg] 
uchar, rel 
[%] 
ubb, rel 
[%] 
k-factor UCRM 
[g/kg] 
B 0.078 4.17 1.53 2.00 0.007 
Pd 0.108 5.94 1.54 2.78 0.019 
Si 0.16 13.14 2.53 2.78 0.06 
Y 0.0110 3.08 1.26 2.57 0.0010 
 
 
7.3 Additional material information 
The data provided in this section should be regarded as informative only on the general 
composition of the material and cannot be, in any case, used as certified or indicative value. 
 
The mean values of the four accepted datasets for C and H were assigned as additional 
information values. No information value was assigned for N and O as the spread of results 
was deemed too high.. 
Table 16: Information values for ERM-EB090a and ERM-EB090b  
Element Additional information value 
[g/kg] 
C 0.33 
H 0.043 
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8 METROLOGICAL TRACEABILITY AND COMMUTABILITY 
8.1 Metrological traceability  
Identity 
The elements are chemically clearly defined substances. The participants used different 
methods for the sample preparation as well as for the final determination, demonstrating 
absence of measurement bias. The measurand is therefore structurally defined and 
independent of the measurement method. 
Quantity value 
Only validated methods were used for the determination of the assigned values. Different 
calibrants of known purity and specified traceability of their assigned values were used. The 
agreement with the certified values of BCR-090a and b indicates that all relevant input 
parameters were properly calibrated. The individual results are therefore traceable to the SI, 
as it is also confirmed by the agreement among the technically accepted datasets. As the 
assigned values are combinations of agreeing results individually traceable to the 
International System of Units (SI), the assigned quantity values themselves are traceable to 
the SI as well. 
8.2 Commutability 
Many measurement procedures include one or more steps which select specific (or specific 
groups of) analytes from the sample for the subsequent whole measurement process. Often 
the complete identity of these 'intermediate analytes' is not fully known or taken into account. 
Therefore, it is difficult to mimic all analytically relevant properties of real samples within a 
CRM. The degree of equivalence in the analytical behaviour of real samples and a CRM with 
respect to various measurement procedures (methods) is summarised in a concept called 
'commutability of a reference material'. There are various definitions that define this concept. 
For instance, the CLSI Guideline C53-A [10] recommends the use of the following definition 
for the term commutability: 
"The equivalence of the mathematical relationships among the results of different 
measurement procedures for an RM and for representative samples of the type intended 
to be measured." 
The commutability of a CRM defines its fitness for use and is therefore a crucial 
characteristic when applying different measurement principles. When the commutability of a 
CRM is not established, the results from routinely used methods cannot be legitimately 
compared with the certified value to determine whether a bias does not exist in calibration, 
nor can the CRM be used as a calibrant.  
ERM-EB090a and ERM-EB090b were produced using standard processes for titanium 
production. The analytical behaviour will be the same as for a routine sample of titanium. 
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9 INSTRUCTIONS FOR USE 
9.1 Safety information 
The usual laboratory safety measures apply.  
9.2 Storage conditions 
The materials should be stored at (18 ± 5) °C in the dark.  
Please note that the European Commission cannot be held responsible for changes that 
happen during storage of the material at the customer's premises, especially for opened 
bottles. 
9.3 Preparation and use of the material 
The disc surfaces of ERM-EB090a should be cleaned by polishing before use. Care should 
be taken not to contaminate the disc surface. The chips of ERM-EB090b can be used "as is". 
Note: A few chips of ERM-EB090b may show very high V and Al values (between 2 and 8 
mass percent). All values obtained on such chips should be discarded. 
9.4 Minimum sample intake 
The minimum sample intake representative for all parameters is 50 mg. The material is 
suitable for glow-discharge MS and spark-OES 
9.5 Use of the certified values 
The main purpose of these materials is to assess method performance, i.e. for checking 
accuracy of analytical results/calibration.  
Use as a calibrant 
It is not recommended to use this matrix material as calibrant. If used nevertheless, the 
uncertainty of the certified value shall be taken into account in the estimation of the 
measurement uncertainty. 
Comparing an analytical result with the certified value 
A result is unbiased if the combined standard uncertainty of measurement and certified value 
covers the difference between the certified value and the measurement result (see also ERM 
Application Note 1, https://crm.jrc.ec.europa.eu [11].  
When assessing the method performance, the measured values of the CRMs are compared 
with the certified values. The procedure is summarised here:  
- Calculate the absolute difference between mean measured value and the certified 
value  
- Combine the measurement uncertainty with the uncertainty of the  
certified value  
- Calculate the expanded uncertainty from the combined uncertainty using an 
appropriate coverage factor, corresponding to a level of confidence of approximately 
95 % 
- If the difference between the measured and the certified value is smaller than the 
expanded uncertainty then no significant difference exists between the measurement 
result and the certified value, at a confidence level of approximately 95 %. 
Use in quality control charts 
The materials can be used for quality control charts. Using CRMs for quality control charts 
has the added value that a trueness assessment is built into the chart.  
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12 ANNEXES 
Annex A: Data used for the assessment of the homogeneity 
Annex B: Description of the methods used 
Annex C: Tabular and graphical representation of the characterisation data 
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Annex A: Data used for the assessment of the homogeneity. Shown are the data normalised 
on the laboratory average. The error bars are the 95 % confidence interval of the means of 
each bottle (usually 2 determinations), based on the within-group standard deviation as 
obtained by one-way ANOVA. 
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Annex B: Summary of methods used in the characterisation study: The column Laboratory code-/method consists of a combination of the 
laboratory (e.g. L1) and the method employed. If one laboratory used several methods, they are listed separately but all under the same 
laboratory code. 
Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L1-ICP-QMS 
 
Al, B, Co, 
Cr, Cu, Fe, 
Mg, Mn, 
Mo, Ni, Sb, 
Si, Sn, V, 
W, Zn, Zr 
Discs were divided in discs by wire-cut 
electrical discharge machining (EDM) 
and etched with acid mixture to remove 
traces of the wire-cut EDM. 
Sample intake : 300 mg 
Samples dissolved in 5 g acid mixture 
(5 g HNO3, 0.5 g HClO4, 4.5 g HF) and 
diluted to 10g with 25x diluted 
HNO3/HCLO4/HF mixture. 
ICP-QMS with collision cell technology 
Internal standard: Sc (Al, B, Cr, Mg, V), Ge (Co, Cu, 
Fe, Mn, Mo, Zn, Zr), Ir (Hg, W), Rh (Ni), In (Sb, Sn) 
Gas: He (Al, B, Co, Cr, Cu, Fe, Hg, Mg, Mn, Mo, Rh, 
V, Zn), H (Si), no gas (B, Sb, Sn, W, Zr) 
m/z in amu: Al (27), B (10), Co (59), Cr (52), Cu (63), 
Fe (56), Hg (201), Mg (26), Mn (55), Mo (95), Ni (95), 
Sb (121), Si (28), Sn (118), V (51), W (182), Zn (68), 
Zr (90) 
Mass resolution: 1 amu 
Calibration standards 
from LabKings and 
Inorganic Ventures 
with values traceable 
to NIST SRMs. 
U = 2 x standard 
deviation of whole 
measurements 
procedure 
L1-ICP-OES 
 
 
Al, B, Co, 
Cr, Cu, Fe, 
Mg, Mn, 
Mo, Ni, Sb, 
Si, Sn, V, 
W, Zn, Zr 
Discs were divided in discs by wire-cut 
electrical discharge machining (EDM) 
and etched with acid mixture to remove 
traces of the wire-cut EDM. 
Sample intake : 300 mg 
Sample dissolved in 5 g acid mixture (5 
g HNO3, 0.5 g HClO4, 4.5 g HF) and 
diluted to 10g with 25x diluted 
HNO3/HCLO4/HF mixture. 
Internal standard: Sc (all except Hg); Hg: no internal 
standard. 
Measured lines in nm: Al (396.1), B (249.7), Co 
(230.7), Cr (267.7), Cu (324.7), Fe (238.2), Hg (254), 
Mg (280.2), Mn (257.6), Mo (202), Ni (231.6), Sb 
(217.5), Si (288.1), Sn (189.9), V (310.2), W (207.9), 
Zn (206.2), Zr (343.8) 
Standards from 
LabKings and 
Inorganic Ventures 
with values traceable 
to NIST SRMs. 
U = 2 x standard 
deviation of all results 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L2- ICP-SFMS 
 
Al, B, Bi, 
Ce, Co, Cr, 
Cu, Fe, Hf, 
La, Mg, Mn, 
Mo, Nb, Ni, 
Pd, Ru, Sb, 
Si, Sn, Ta, 
V, W, Y, Zn, 
Zr 
Samples of ERM-EB090a were 
subsampled by drilling from at least 5 
different locations on the disc, resulting 
with a total subsample weight of 1 g. 
Samples of ERM-EB090b were used as 
is. 
Samples were digested in room 
temperature overnight, with the mixture 
of 2 mL conc. HF, 1 mL HNO3 and 1 
mL HCl. All dilutions prior to analysis 
was performed in 10 % HNO3. No 
visual residuals were left in any of the 
digested samples. 
Internal standard: In, Lu 
m/z in amu/resolution: Al (27/5000), B (11/330), Bi 
(209/330), Ce (140/330), Co (50/5000), Cr (52/5000), 
Cu (63/5000), Fe (56/5000), Hf (178/330), Hg 
(201/330), La (139/330), Mg (24/5000), Mn (55/5000), 
Mo (98/330), Nb (93/330), Ni (60/5000), Pd 
(108/330), Ru (99/330), Sb (1q23/330), Si (28/5000), 
Sn (120/330), Ta (181/330), V (51/5000), W 
(184/330), Y (89/330), Zn (68/330), Zr (90/330) 
Single element 
standards from Ultra 
Scientific; values 
traceable to NIST 
SRMs (SRM number 
provided) 
Uncertainty: In 
accordance with 
T.Ruth 'A model for the 
evaluation of 
uncertainty i routine 
multi-element 
analysis', Accred Qual 
Assur (2004) 9:349-
357 
L3-ICP-OES Al, B, Cr, 
Cu, Fe, Mn, 
Mo, Nb, Ni, 
Pd, Ru, Si, 
Sn, V, Y, Zy 
1 g sample digested in 15 mL HCl/2.5 
mL HF until completion; addition of 2.5 
mL HNO3 and dilution to 100 mL with 
de-ionised water 
Measured lines in nm: Al (394.4), B (208.89), Cr 
(283.56), Cu (217.89), Fe (295.94), Mn (257.61), Mo 
(202.03), Nb (295.088), Ni (231.604), Pd (360.955), 
Ru (240.272), Si (251.61), Sn (242.949), V (309.3), Y 
(30.07), Zr (339.198) 
Single element 
standards from 
Inorganic Ventures; 
values traceable to 
NIST SRMs (SRM 
number provided) 
 
L3-COMB-IR C Samples were sawn to rough size and 
sheared to the required sample mass. 
Samples were pickled in HF/HNO3 
solution for final preparation. 
Samples were rinsed in acetone before 
analysis. 
Instrument used Leco C200 
Quantification by IR spectrometry 
Alpha Resources 
AR891 with values 
traceable to NIST 
SRMs (SRM number 
provided). 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L4-IGFA-TCD H, N Samples were sawn to rough size and 
sheared to the required sample mass. 
N only: Samples were pickled in 
HF/HNO3 solution for final preparation. 
Samples were rinsed in acetone before 
analysis. 
Instrument used: LECO TCH 600 
Quantification by thermal conductivity detection 
CRMs from LECO and 
Alpha Resources with 
values traceable to 
NIST SRMs (SRM 
number provided). 
L4-IGFA-IR O Samples were sawn to rough size and 
sheared to the required sample mass. 
Samples were pickled in HF/HNO3 
solution for final preparation. 
Samples were rinsed in acetone before 
analysis. 
Instrument used: LECO TCH 600 
Quantification by IR spectrometry 
CRMs from LECO and 
Alpha Resources with 
values traceable to 
NIST SRMs (SRM 
number provided). 
L4-ICP-OES 
 
Fe Weigh between 0.1g -0.3 g of sample. 
Put the sample in tube PPE . Add 
HNO3, HCl and HF. Heat at 90°C 
during 60min. 
Complete the volume at 50 mL with 
ultrapure water. 
Four preparations are made by sample.  
Internal standard: Sc 
Wavelength in nm: Fe (238.204) 
Fe ICP standard from 
Sigma 
Uncertainty: expert 
judgement 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L4-GDMS 
 
Al, B, Ce, 
Co, Cr, Cu, 
Hf, La, Mn, 
Mo, Ni, Pd, 
Ru, Sb, Si, 
Sn, Ta, V, 
W, Zn, Zr 
Samples of ERM-EB090a were 
polished. 
10 min pre-sputtering  
Discharge gas: Ar 
Standard: RSF Ti 
Measurement time: 25 min 
m/z in amu: Al (27), B (11), Ce (140), Co (59), Cr 
(52), Cu (63), Hf (177, 178), Hg (202), La (139), Mn 
(55), Mo (95), Nb (93), Ni (58- 60), Pd (106-110), Ru 
(102), Sb (121-123), Si (28), Sn (118-119), Ta (181), 
V (51), W (184-186), Zn (66-68), Zr (90-91) 
QC sample TIM572 + 
CRM BST4 & BST80 
Uncertainty: based on 
repeatability and 
reproducibility 
L4-COMB-IR 
 
C Direct combustion of sample Instrument used Leco CS200 
Quantification by IR spectrometry 
IARM 314B 
(100 mg/kg) and LECO 
502-867 (224 mg/kg) 
L4-IGFA-TCD H, N Direct fusion of sample in an carbon 
crucible 
Instrument used: Horiba EMGA 620W (N), Horiba 
EMG-621W (H) 
Quantification by thermal conductivity detection 
EC 099-1 (N = 78 
mg/kg), LECO 502-257 
(N= 785 mg/kg) 
ALPHA AR651 (H = 
26 mg/kg) and ALPHA 
AR648  
(H = 137 mg/kg) 
L4-IGFA-IR O Direct fusion of sample in an carbon 
crucible 
Instrument used: Horiba EMGA 620W  
Quantification by IR spectrometry 
LECO 502-876 
(3070 mg/kg), LECO 
501-320 (1830 mg/kg), 
LECO 502-881 (530 
mg/kg) 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L5-ICP-OES 
 
Al, B, Bi, 
Ce, Co, Cr, 
Cu, Fe, Hf, 
La, Mg, Mn, 
Mo, Nb, Ni, 
Pd, Ru, Sb, 
Si, Sn, Ta, 
V, W, Y, Zn, 
Zr 
Samples were chipped. 
0.25 g sample/25mL glass flask 
digested in 10mL HCl. 
1.0 g sample/100mL plastic flask, 
digested in 6mL HF and 5mL HNO3 
0.1 g sample/teflon beaker, digested in 
10mL HCl, transferred to 100mL plastic 
flask  
0.5 g sample/PTFE beaker, digested in 
10 mL HCl, cooled, 1 drop HF added 
before tranferring to 50mL plastic flask.  
Internal standard: Sc  
Measured lines in nm: Al (176.641), B (249.677), Bi 
(222.825), Ce (413.8), Co (230.786), Cr (205.618), 
Cu (324.754), Fe (239.562, 259.941), Hf (232.247, 
264.141), Hg (194.227), La (408.672), Mg (285.213), 
Mn (259.373), Mo (202.095), Nb (316.34), Ni 
(232.003, 341.476), Pd (340.458), Ru (267.876), Sb 
(231.147, 252.852), Si (212.412, 288.158), Sn 
(242.949), Ta (240.063), V (292.464), W (207.911, 
239.709), Zn (206.200, 213.856), Zr (339.198, 
343.823) 
Single element 
standards from VHG 
Labs and SCP 
Science; values 
traceable to NIST 
SRMs (SRM number 
provided) 
 
L5-COMB-IR 
 
C, H, N, O Samples were chipped and inserted 
into the instrument. 
Sample intake: 100-150 mg 
Instrument usedL Leco  CS600 Calibrantion with : 
LECO 501-502 
L4-IGFA-TCD H, N Direct fusion of sample in an carbon 
crucible 
Quantification by thermal conductivity detection Calibration with 
ALPHA AR651  
L4-IGFA-IR O Direct fusion of sample in an carbon 
crucible 
Quantification by IR spectrometry Calibration with 
ALPHA AR651 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L6- k0NAA 
 
Ce, Co, Cr, 
Fe, Hf, No, 
Ru, Sb, Sn, 
Ta, W, Zr 
Samples of ERM-EB090a were laser-
cut into smaller cylinders; no sample 
prep for ERM-EB090b. 
Sample intake: ERM-EB090a: 3000 
mg; ERM-EB090b: 1500 mg  
Irradiation for 180 min at 3*1011 
neutrons/cm2/s 
Detection using a HPGe detector,  
measurement time 24 h;  
Blank was obtained from a blank vial and subtracted 
Cooling time in d/γ-line in keV: Ce (32.5/145), Co (5 
and 2/1173 and 1332), Cr (27/320), Fe (44.6/1099 
and 1292), Hf (70 and 42/343, 133 and 482), Mo (2.7 
and 0.25/739 and 140), Ru (39/610 and 497), Sb (2.7 
and 60/564;602;722;1691), Sn (1.7 h/391), Ta 
(115/1189;1221;1231), W (1/551;618;686;773), Zr 
(64 and 35/724;756;765 ) 
Flux monitor: IRMM-
530 
Quality control 
samples SMELS II + III 
and BCR 038 and 
176R 
U: Full uncertainty 
budget from counting 
statistics and 
irradiation and 
detection geometry. 
L7- k0NAA 
 
Ce, Co, Cr, 
Cu, Fe, Hf, 
La, Mn, Mo, 
Pd, Ru, Sb, 
Sn, Ta, W, 
Zn, Zr,  
No sample preparation;  
Sample intake 230 – 280 mg 
 Irradiation for 180 min at 1*1012 
neutrons/cm2/s 
 
HPGe detector,  
Measurement time 23 h (Ce, Co, Cr, Fe, Hf, Ru, Sb, 
Sn Ta, Zn, Zr), 16 h (Mo) 50 min (Cu, La, Mn, Pd, W)  
Cooling time in d/γ-line in keV : Ce (24-28/145.4), Co 
(24-28/1173.2 and 1332.5), Cr (24-28/320.1), Cu (16-
22 h/1345.8), Fe (24-28/1099.3), Hf (24-28/482.2), La 
(16-22 h/1596.2), Mn (16-22 h/846.8), Mo (7-10/739 
140.5), Pd (16-22 h/88.0), Ru (24-28/497.1), Sb (24-
28/602.7), Sn (24-28/391.7), Ta (24-28/1221.4), W 
(16-22 h/685.7), Zn (24-28/1115.5), Zr (24-28/756.7) 
 
Flux monitor: IRMM-
530R 
U: Full uncertainty 
budget  
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L8-ICP-OES 
 
Co, Mn, Mo, 
Nb, V, Y 
Samples were digested over 1 day at 
max. 50 °C using 20 ml HCl 30 % + 
0.25ml HF 40% + 1 ml HNO3 65 % 
(French standard NF A 08-651 (1993) : 
Chemical analysis of titanium) 
Sample intake: 200-230 mg 
Wavelength in nm: Co (237.862), Mn (257.611), Mo 
(202.03), Nb (319.498), V (309.311), Y (371.029) 
Calibration solutions 
from Merck values 
traceable to NIST 
SRMs (SRM number 
provided) 
Uncertainty: Full 
uncertainty 
includingL8-ICP-MS 
uncertainty estimations 
from sample intake, 
digestion method, 
calibration, 
repeatability. 
L8-ICP-SFMS 
 
Al, Cr, Cu, 
Fe, Ni, Sn, 
Zn 
Samples were digested over 1 day at 
max. 50 C using 20ml HCL 30 % + 
0.25ml HF 40% + 1ml HNO3 65 % 
(French standard NF A 08-651 (1993) : 
Chemical analysis of titanium) 
Sample intake: 200-230 mg 
m/z in amu/resolution: Al (27/10000 Cr (52, 
53/10000), Cu (63,65/10000), Fe (56, 67/10000Ni 
(60, 61, 62/10000), Sn (1118, 119, 120/4500), Zn (66, 
67, 68/10000) 
Al ,Cr, Cu, Fe, Ni, Sn, 
Zn 2 independent 
standard solutions, 
gravimetically 
prepared from metals 
or salt of high purity. 
Uncertainty: Full 
uncertainty 
includingL8-ICP-MS 
uncertainty estimations 
from sample intake, 
digestion method, 
calibration, 
repeatability. 
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Laboratory 
code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L9-k0NAA (short-
lived isotopes) 
 
Ce, Co, Cr, 
Fe, Hf, No, 
Ru, Sb, Sn, 
Ta, W, Zr 
Sample intake: 220-280 mg  
Irradiation for 0.5 min at 2.40*1013 
neutrons/cm2/s 
 
HPGe detector,  
measurement time 3-4 min (Al, V), 3-6 h (Co, Cr, Cu, 
La, Mo, Pd, Ru, Sb, Ta, W), 2 h (Mn) 
Cooling time /γ-line in keV: al (6-20 min/1779), Co (1 
d 1173, 1333 keV)), Cr (1 d /320 keV), Cu ( d/1346 
keV), La (3-6h/multiple lines), Mn (2 h/multiple lines), 
Mo (1 d/140.5 keV) , Pd (1 d/88 keV), Ru (1 d/various 
lines), Sb (1 d/564 keV), Ta (1 d/multi8ple lines), V 
(6-20 min/1434 keV), W (1 d/multiple lines) 
Flux monitor: Gold 
(IRMM-530R, ERM-
EB530, NIST 3121) 
U: Full uncertainty 
budget from counting 
statistics and 
irradiation and 
detection geometry. 
L9-k0NAA (long 
lived isotopes) 
 
Ce, Co, Cr, 
Cu, Fe, Hf, 
La, Mo, Pd, 
Ru, Sb, Sn, 
Ta, W, Zn, 
Zr 
Sample intake: 220-280 mg  
Irradiation for 240 min at 2.60*1012 
neutrons/cm2/s 
 
HPGe detector 
Cooling time: 8-10 days (Ce, Co, Cr, Fe, Hf, Ru, Sb, 
Sn Ta, Zn, Zr), 1 d (Cu, La, Mo, Pd, W) 
γ-line/measurement time: Ce (8 h/145.4 keV), Co (8 h 
/1173, 1333 keV), Cr (8 h/320 keV), Cu (1 h/1346 
keV), Fe (8 h/1099, 1292 keV), Hf (8 h/multiple), La 
(1 h/multiple), Mo (1 h/140.5 keV), Pd (1 h/88 keV), 
Ru (8 h/multiple), Sb (8 h/multiple), Sn (8 h/391.7, 
158.6 keV), Ta (8 h/multiple), W (1 h/multiple), Zn (8 
h/1115.5 keVr (8 h/742, 757 keV) 
Flux monitor: IRMM-
530R: 
Uncertainty: Full 
uncertainty including 
counting uncertainties, 
differences between 
multiple 
peaks/measurements 
and an additional 
uncertainty estimate to 
cover method and 
preparation 
uncertainties  
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code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L10-ICP-OES 
 
Al, B, Bi, 
Ce, Co, Cr, 
Cu, Fe, Hf, 
La, Mg, Mn, 
Mo, Nb, Ni, 
Sn, Ta, V, 
W, Y, Zn, Zr 
Open digestion with: 
HCl (5 mL), HNO3 (5 mL) and HF (7 
mL): Al, B, Bi, Co, Cr, Cu, Fe, Mn, Mo, 
Nb, Ni, Sn, Ta, V, W, Zn  
H2SO4 (5 mL), HCl (5 mL) and HF (2 
mL): Ce, Hf, La, Mg, Y, Zr 
Wavelength in nm: Al (396.2), B (249.8), Bi (153.3), 
Ce (418.7), Co (237.8), Cr (285.0), Cu (324.8), Fe 
(241.3), Hf (277.3), La (408.7), Mg (279.6), Mn 
(260.6), Mo (281.6), Nb (269.7), Ni (232.0), Sn 
(190.0), Ta (240.1), V (309.3), W (239.7), Y (377.4), 
Zn (206.2), Zr (343.8) 
Al, Zn: pure metals; All 
others: Single element 
standard solutions 
from Merck Certipur or 
, Bernd kraft, Alfa 
Aesar  
Uncertainty: Combined 
uncertainty including 
observed precision 
and uncertainty from 
calibration (2-5 %) 
L10-ICP-QMS 
 
Bi, Hf, La, 
Mo, Nb, Sb, 
Sn, Ta, V, 
W, Y, Zr 
Open digestion with:  
HCl (5 mL), HNO3 (5 mL) and HF (7 
mL): Al, B, Bi, Co, Cr, Cu, Fe, Mn, Mo, 
Nb, Ni, Sn, Ta, V, W, Zn  
H2SO4 (5 mL), HCl (5 mL) and HF 
(2 mL): Ce, Hf, La, Mg, Y, Zr 
Agilent 7500cs ICP-QMS  
 
Masses in amu: Bi (209), Hf (178), La (139), Mo (95), 
Nb (93), Sb (121), Sn (118), Ta (181), V (51), W 
(182), Y (89), Zr (90) 
 
Al, Zn: pure metals; All 
others: Single element 
standard solutions 
from Merck Certipur or 
, Bernd kraft, Alfa 
Aesar  
Uncertainty: Combined 
uncertainty including 
observed precision 
and uncertainty from 
calibration (2-5 %) 
L10-FAAS Co, Cu, Mn Digestion in HNO3/HF  FAAS with D2 background correction; slit width: 0.2 
nm 
Wavelength: 240.7 nm (Co), 324.8 nm (Cu), 279.5 
nm (Mn) 
Calibration with 
monoelement 
standards traceable to 
the pure metal 
L10-PHOT 
 
Fe, Ni Digestion in HCl/HF  Quantification of the colour reaction with o-
e.phenanthrolin (Fe), Na- diacetyldioxim (Ni) 
 
Calibration with 
monoelement 
standards traceable to 
the pure metal 
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code/method 
Elements Sample preparation Quantification Calibration/Uncertainty 
L10-COMB-IR 
 
C The sample is combusted 
Sample intake: 200 - 300 mg 
Instrument used: Eltra CS 800  
Quantification by IR spectrometry  
Na2CO3 (Fluka); 
values traceable to 
NIST SRM 351 
L10-IGFA-IR 
 
O  Direct fusion of sample in an carbon 
crucible  
Instrument used: Leco TCH600 
Quantification by IR spectrometry 
Solid Fe2O3 
QC using CRM BCR-
24 (Oxygen in Ti) was 
used  
L11-INAA 
 
Ce, Co, Cr, 
Fe, Hf, La, 
Mn, Mo, Pd, 
Ru, Sb, Sn, 
Ta, V, W, 
Zn, Zr 
Sample intake: 200-300 mg  
Irradiation for 6 s at 1.7*1013 
neutrons/cm2/s (Mn, V, ) or 60 min at 
4.9*1012 neutrons/cm2/s (  ) 
 
Coax and Welltype Ge detectors 
Decay time: 20 days (Ce, Co, Cr, Fe, Hf, Ru, Sn, Ta, 
Zn, Zr), 4 d (La, Mo, Sb, W), 15 min (Mn, V) 
Isotopes used: 141Ce, 60Co, 51Cr, 59Fe, 181Hf, 140La, 
56Mn, 99Tc (Mo), 103Ru, 122Sb, 113In (Sn), 182Ta, 52V, 
187W, 65Zn, 95Zr 
All γ-lines of the respective isotopes were used. 
Flux monitor: Zn 
Calibration with 
monoelement CRMs 
from NIST 
Uncertainty: 
Uncertainty based on 
counting statistics, 
other random 
uncertainty 
contributions and 
uncertainty due to 
calibration 
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Annex C: Tabular and graphical representation of the characterisation data: The 
column labcode consists of a combination of the laboratory (e.g. L1) and the method 
employed. If one laboratory used several methods, they are listed separately but all under 
the same laboratory code. Data are given as reported by the participants. For laboratories 
marked with an asterisk, expanded uncertainties were estimated as two times the standard 
deviation of the data.  
The central red line shows the certified value; the outside lines the uncertainty. in red: 
expanded uncertainties for ERM-EB090a; in orange: uncertainty for ERM-EB090b. 
  
R.1 – R.6: Result 1 to Result 6 
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Aluminium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
[%]] R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 
L1-ICP-OES 870 874 867 937 965 979 857 836 859 911 911 938 900 10 
L1-ICP-MS 712 763 728 746 741 738 709 711 707 720 729 716 727 4 
L2-ICP-MS 731 741 744 734 732 738 732 717 720 679 700 689 721 14 
L3-ICP-MS* 836 838 858 801 794 776 819 790 835 779 780 764 806 8 
L4-GDMS 760 750 760 710 710 700 760 730 740 780 740 720 738 20 
L8-ICP-MS 789.2 780.3 752.1 790.8 805.9 806.3       787 6 
L9-k0NAA 839.9 726.5 760.3 775.5 805.7 821.6       788 10 
L10-ICP-OES 758 798 825 827 760 795       794 9 
Data not used for characterisation 
L5-ICP-OES 658 653 632 664 658 635 594 586 594 593 582 593 620 10 
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Boron (indicative value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
[%] R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 
L1-ICP-MS 74.3 77.7 77.3 80.3 77.2 80.1 76.8 77.9 76.2 84.5 85.2 81.8 79.1 10 
L2-ICP-MS 75.1 73.1 73.7 72.2 73.5 72.4 70.8 68.7 69.8 69.1 69 68.9 71.4 14 
L3-ICP-MS* 77 77 75          76.3 3 
L4-GDMS 95 99 100 88 98 93 86 74 87 91 81 81 89.4 20 
L10-ICP-OES 71.5 74.5 77.8 77.3 70.9 75.7       74.6 9 
Data not used for characterisation 
L1-ICP-OES 71.8 71.3 72.1 69.4 71 71.7 71.8 68.4 71.8 68.1 69.5 72.2 70.8 5 
L3-ICP-MS*       77 77 77 78 75 77 76.8 2 
L5-ICP-OES 64 74 70 71 72 72 77 72 77 80 75 77 73.4 10 
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Cerium (no value assigned) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg
] 
U 
[%] R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 
L2-ICP-OES 12.5 11.9 12 11.9 12.5 11.6 12.2 12.3 12.3 11.3 12.3 11.3 12.0 14 
L4-GDMS 12 12 12 13 12 13 15 16 14 16 16 16 13.9 20 
L6-k0NAA 
15.0
92 13.72 14.896 13.23 13.72 13.916 14.504 15.582 15.484 15.974 15.68 14.7 14.7 6 
L7-k0NAA 14.1 14.9 14.6 14.2 14.6 14.5       14.5 7 
L9-k0NAA 15.6 15 15 15.2 14.6 15.4       15.1 7 
L10-ICP-OES 26.5 25.6 23.6 24.8 26.4 25.5       25.4 10 
L11-INAA 14.9 15 15.1 15 14.3 16       15.1 5 
Data not used for characterisation 
L5-ICP-OES 69 67 63 73 71 70 60 61 61 58 61 58 64.3 10 
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Cobalt (certified value)  
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
[%] R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 R. 1 R. 2 R. 3 
L1-ICP-MS 461 484 468 467 457 466 463 462 465 458 471 466 466 5 
L2-ICP-MS 426 426 427 409 415 414 417 427 420 402 403 382 414 14 
L4-GDMS 500 510 510 500 520 510 510 480 510 480 470 470 498 20 
L6-k0NAA 461 426 450 410 433 432 455 457 469 460 464 451 447 5 
L7-k0NAA 455 458 459 450 452 457       455 7 
L8-LICP-MS 471.9 469.2 474.3 456 465.6 475.3       469 12 
L9-k0NAA 
456.8 452.7 447.5 447.5 437.5 460.9       
453 7 
459.7 454.8 446.1 457.8 458.7 456.9       
L10-ICP-OES 463 468 449 459 473 468       463 5 
L10-FAAS 440 443 442 441 442 441       442 5 
L11-INAA 460 457 459 460 457 460       459 1 
Data not used for characterisation 
L1-ICP-OES 502 500 504 502 505 502 500 499 497 501 510 503 502 2 
L5-ICP-MS 448 427 447 450 427 446 383 398 383 384 398 384 415 25 
 
 
 
  
 56 
Chromium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 
L1-ICP-MS 457 483 462 456 447 457 458 459 458 452 456 451 458 3 
L2-ICP-MS 473 466 469 472 466 471 459 452 459 433 453 423 458 14 
L3-ICP-MS* 464 462 458 480 476 469 469 469 461 483 485 473 471 4 
L4-GDMS 480 480 490 490 490 490 510 480 500 510 480 480 490 20 
L6-k0NAA 461.58 445.9 465.5 411.6 441 446.88 470.4 483.14 482.16 488.04 490 476.28 464 5 
L7-k0NAA 474 478 477 474 471 477       475 7 
L8-ICP-MS 484.4 484.5 467.8 471.5 484.4 470       477 7 
L9-k0NAA 482.1 483.3 469.2 483.7 472.2 484.8       479 13 
L10-ICP-OES 472 471 460 468 480 478       472 5 
L11-INAA 464 461 466 466 461 463       464 2 
Data not used for characterisation 
L1-ICP-OES 518 512 513 526 534 540 509 502 504 522 531 530 520 5 
L5-ICP-OES 308 422 276 303 412 273 406 402 399 407 399 398 367 25 
L9-k0NAA 
(short) 493.6 487.8 420.0 447.5 430 446.6       479 13 
 
 
  
 57 
Copper (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
[%] R. 1 R. 2 R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 129 127 128 136 135 135 134 131 130 138 143 141 134 7 
L1-ICP-MS 126 135 128 130 131 132 124 128 128 127 132 138 130 7 
L2-ICP-MS 128 127 127 127 127 125 122 125 125 119 120 117 124 14 
L3-ICP-MS* 118 122 118 142 138 138 130 124 124 149 143 144 133 17 
L4-GDMS 140 140 140 140 150 150 140 130 140 150 140 140 142 20 
L7-k0NAA 118 121 129 128 131 115       124 10 
L8-ICP-MS 129.7 134.6 130.3 132.3 127.4 132       131 7 
L9-k0NAA 119.9 125.1 120 116 116.3 120.3       120 13 
L10-ICP-OES 123.5 128 131.6 134.6 121.1 128.1       128 9 
L10-FAAS 127.7 129 127.5 127.8 128.4 127.8       128 9 
Data not used for characterisation 
L5-ICP-OES 133 138 131 121 131 127 107 111 115 102 108 112 120 25 
L9-k0NAA 
(long) 132.7 121.5 136.5 120.6 128.8 119.2       137 10 
 
 
  
 58 
Iron (certified value)there was an error in the lab association – L11 was missing 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-MS 1866 1916 1877 1900 1871 1918 1823 1810 1823 1810 1849 1863 1861 2 
L2-ICP-MS 1826 1821 1822 1818 1859 1907 1874 1848 1804 1930 1890 1812 1851 14 
L3-ICP-MS 1926 1894 1915 1835 1807 1786 1894 1848 1930 1837 1806 1805 1857 6 
L4-AAS 1760 1760 1750 1820 1830 1840 1800 1800 1770 1830 1830 1820 1801 10 
L6-k0NAA 1940 1750 1890 1800 1870 1780 1920 1900 1950 1890 1800 1880 1864 7 
L7-k0NAA 1684 1864 1840 1826 1860 1831       1818 8 
L8-ICP-MS 1781 1760 1759 1838 1812 1724       1779 8 
L9-k0NAA 1785 1833 1805 1828 1825 1772       1808 8 
L10-ICP-OES 1735 1707 1664 1709 1754 1734       1717 6 
L10-PHOT 1787 1785 1795 1790 1799 1794       1792 6 
L11-INAA 1790 1770 1940 1950 2000 1800       1875  
Data not used for characterisation 
L1-ICP-OES 1997 1983 1998 1980 2001 2012 1973 1941 1934 1946 1965 1957 1974 2 
L5-ICP-MS 1846 1757 1663 1874 1729 1704 1432 1462 1458 1425 1461 1453 1605 10 
 
 
  
 59 
 Hafnium (certified value) 
 
  
  
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 91.7 94.2 95.9 92.5 95.8 93.4 92.3 92 95.8 91.3 90.6 90.5 93.2 14 
L4-GDMS 91 93 91 86 84 85 110 110 110 98 98 100 96.0 20 
L6-k0NAA 92.61 85.85 89.47 82.42 86.63 86.63 95.06 94.08 92.41 95.06 98.39 92.71 90.8 5 
L7-k0NAA 92.3 94.3 93.6 91.6 92.4 93.4       92.9 7 
L9-k0NAA 97.9 95.6 89.4 97.8 96.3 96.7       95.6 7 
L10-ICP-OES 89.9 88.2 85 82.4 85.3 87.8       86.4 8 
L10-ICP-MS 90 90.6 92 89.6 89.6 87       89.8 6 
L11-INAA 92.2 92.2 92.9 92.8 91 91.2       92.1 1 
Data not used for characterisation 
L5-ICP-OES 81 79 68 82 80 69 68 51 50 73 52 49 68.5 25 
 60 
Lanthanum (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 11.4 11 11.3 11.1 11.5 11.2 11.7 12 11.2 11.2 11.9 10.3 11.3 14 
L4-GDMS 10 10 10 11 10 11 14 14 11 13 14 13 11.8 20 
L7-k0NAA 13.9 13.7 14.5 14.2 14.2 14.7       14.2 7 
L9-k0NAA 
13.18 13.1 13.7 13.1 13.3 13.7       
13.6 6 
14.5 13.9 13 14.3 13.7 14.2       
L10-ICP-OES 13.8 14.7 13 12.9 14 14.2       13.8 24 
L10-ICP-MS 13.8 13.6 12.3 13.2 13.6 12.8       13.2 6 
L11-INAA 14.34 14.06 13.97 14.7 14.1 14.7       14.3 1 
Data not used for characterisation 
L5-ICP-OES 577 580 542 572 572 572 171 171 171 167 168 168 369.3 15 
 
 
  
 61 
Magnesium (no value assigned) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 7 6.2 5.4 5.2 7.1 6.6 1.2 1.3 1.2 0.9 1 1 3.7 
26 
L1-ICP-MS* 5.6 4.8 5.6 4.4 6.6 5.6 1.5 1.7 1.5 <1.2 <1.2 <1.2 4.1 
49 
L10-ICP-OES 4.9 5.3 4.3 6.1 5.5 5.6       5.3 
24 
 
 
 62 
Manganese (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 293 288 290 292 297 298 283 283 282 287 296 293 290 3 
L1-ICP-MS 289 301 292 299 291 303 287 289 292 290 295 298 294 4 
L2-ICP-MS 279 280 284 286 285 287 264 279 273 250 256 260 274 14 
L3-ICP-MS* 274 270 269 282 280 276 274 274 267 286 285 276 276 4 
L4-GDMS 310 310 310 300 330 330 310 300 310 300 290 290 308 20 
L7-k0NAA 287 293 291 284 286 290       289 7 
L8-ICP-MS 
286.
8 285.5 283.4 267.2 280.5 279.1       280 12 
L9-k0NAA 
292.
6 286.9 288.5 285 286 293.1       289 6 
L10-ICP-OES 288 283 279 281 289 291       285 5 
L10-FAAS 282 284 287 288 289 284       286 5 
L11-INAA 299 296 295 292 300 299       297 2 
Data not used for characterisation 
L5-ICP-OES 189 198 187 186 203 186 270 262 263 266 263 265 228 25 
 
 
  
 63 
Molybdenum(certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-MS 457 483 469 473 467 470 464 458 463 465 472 474 468 3 
L2-ICP-MS 461 463 466 470 471 473 477 467 477 467 464 462 468 14 
L3-ICP-MS 485 483 485 439 434 427 490 487 481 439 438 435 460 11 
L4-GDMS 500 510 510 530 550 550 540 520 540 530 510 520 526 20 
L6-k0NAA       552 523 521 505 499 527 521 7 
L7-k0NAA 489 495 492 481 485 491       489 10 
L8-ICP-MS 467.9 467.3 468.2 454.2 471.5 463.2       465 12 
L9-k0NAA 
521.8 523.8 522 501.2 517.3 523.4       
505 12 489.3 488.7 493.4 506.5 478.3 493.6       
L10-ICP-OES 466 481 464 476 496 480       477 7 
L10-ICP-MS 494 492 495 490 495 490       493 4 
L11-INAA 440 452 463 450 458 453       453 6 
Data not used for characterisation 
L1-ICP-OES 511 511 518 513 518 514 511 511 513 513 522 519 515 25 
L5-ICP-OES 412 269 388 392 268 379 552 523 521 505 499 527 436 10 
L6-k0NAA 420 390 390 371.7 390 390       392 12 
 
 
  
 64 
Niobium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
  
L2-ICP-MS 480 474 477 472 475 480 468 472 475 440 449 450 468 14 
L3-ICP-MS* 497 483 483 476 473 466 493 484 480 479 479 468 480 4 
L4-GDMS 440 450 440 460 450 450 520 510 500 490 480 490 473 20 
L8-ICP-MS 478 
479.
2 
480.
3 
459.
6 
473.
5 
473.
3       474 11.8 
L10-ICP-OES 479 481 461 475 490 483       478 5.9 
L10-ICP-MS 509 514 489 492 485 496       498 6.2 
Data not used for characterisation 
L5-ICP-OES 338 409 229 353 411 234 438 429 485 439 433 484 390 25.0 
 
 
 
 65 
Nickel (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 
6 
 
L1-ICP-MS 414 434 411 424 421 429 401 411 409 417 420 424 418 4 
L2-ICP-MS 386 381 388 383 384 391 379 387 378 358 361 358 378 14 
L3-ICP-MS* 423 422 421 390 390 385 427 425 415 400 404 393 408 8 
L4-GDMS 440 450 450 450 470 460 440 400 440 420 400 390 434 20 
L8-ICP-MS 406.9 422.6 400.4 398.9 412.7 419.9       410 10 
L10-ICP-OES 410 417 399 410 424 414       412 6 
L10-PHOT 387 382 384 385 380 381       383 6 
Data not used for characterisation 
L1-ICP-OES 429 432 432 435 436 434 427 431 428 430 438 434 432 2 
L5-ICP-OES 388 338 379 386 352 376 389 401 404 391 404 401 384 25 
 
 
  
 66 
Palladium (indicative value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 89.9 87.3 90.8 92.1 90.1 91.6 91.6 92.9 93.5 90.8 91.4 89.5 91 14 
L3-ICP-MS* 121 122 126    130 118 125 126 123 122 124 6 
L4-GDMS 100 100 100 110 120 120 110 100 110 110 110 110 108 20 
L7-k0NAA 121 124 120 113 120 120       120 8 
L9-k0NAA 
95.2 96.6 102 95.2 94.1 94.7       
96 13 
89.7 100.9 99.3 105.3 89.7 89.5       
Data not used for characterisation 
L5-ICP-OES 32 27 76 38 30 79 90 99 103 87 94 103 72 25 
 
 
 
 
  
 67 
Ruthenium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 454 432 440 455 458 447 413 415 408 446 421 438 436 14 
L3-ICP-MS* 456 447 450    455 457 445 450 440 440 449 3 
L4-GDMS 410 420 420 460 470 470 460 450 460 470 470 470 453 20 
L6-k0NAA 486 451 469 436 459 462 489 491 500 482 500 493 477 5 
L7-k0NAA 495 500 499 488 491 498       495 7 
L11-INAA 470 465 464 467 459 471       466 2 
Data not used for characterisation 
L5-ICP-OES 330 336 224 332 329 226 334 351 337 339 353 333 319 8 
L9-k0NAA 
455 471 474 473 454 571       
488 25 
494 488 483 497 504 490       
 
 
  
 68 
Antimony (no value assigned) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-MS 10.61 10.83 10.54 10.34 10.45 10.52 10.55 10.47 10.37 10.41 10.45 10.37 10.5 2 
L2-ICP-MS 10.2 10.2 10.2 10.2 10.3 10.3 10 10 10.2 9.16 9.54 9.19 10.0 14 
L4-GDMS 16 16 16 17 17 17 18 17 17 17 17 17 16.8 20 
L6-k0NAA 10.5 9.78 10.7 10.07 9.98 9.95 10.9 10.7 10.5 10.8 10.7 10.3 10.4 5 
L7-k0NAA 10.7 10.7 10.7 10.4 10.5 10.7       10.6 8 
L9-k0NAA 
10.4 9.9 9.6 9.4 9.5 9.8       
10.3 7 
10.62 11.24 10.5 10.59 10.84 11.14       
L10-ICP-MS 10.4 10.9 10.6 10.5 10.4 10.5       10.6 8 
L11-INAA 11.1 10.96 10.95 10.8 10.8 10.7       10.9 2 
Data not used for characterisation 
L1-ICP-OES 30.1 34.5 40 28.5 28.7 29.3 41.3 39.7 37.8 29.1 33 31.6 33.6 28 
L5-ICP-OES 88 85 85 88 86 86 88 85 85 88 86 86 86.3 23 
 
 69 
Silicon (indicative value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 195 158 186 180 257 214 179 174 161 226 212 196 195 30 
L1-ICP-MS 154 187 161 174 172 177 128 138 136 138 147 149 155 12 
L2-ICP-MS 207 226 202 216 192 205 216 202 204 192 201 195 205 30 
L3-ICP-MS* 85 88 84 108 110 108 67 66 65 90 95 90 88 36 
L4-GDMS 180 180 180 170 190 170 170 150 160 170 170 160 171 20 
Data not used for characterisation 
L5-ICP-OES 62 70 71 62 72 72 75 78 71 76 75 71 71 30 
 
 
 70 
Tin (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-MS 450 497 473 520 526 528 452 456 455 505 510 508 490 13 
L2-ICP-MS 472 461 477 483 469 479 474 463 480 476 466 463 472 14 
L3-ICP-MS* 414 428 430 468 459 438 434 451 440 452 467 467 446 8 
L4-GDMS 510 510 520 520 540 540 560 540 550 540 500 520 529 20 
L6-k0NAA 
521.0
9 
486.8
5 
505.0
4 
477.2
2 
483.6
4 
503.9
7 
523.3
7 567.1 
522.1
6 
543.5
6 
514.6
7 
528.5
8 515 8 
L7-k0NAA 476 470 441 458 442 466       459 7 
L8-ICP-MS 479.5 473.8 460.1 489.9 489.2 494.4       481 5 
L9-k0NAA 506.9 495.9 497.2 535.4 558.4 507.9       517 21 
L10-ICP-OES 455 483 500 501 458 468       478 9 
L10-ICP-MS 470 474 470 473 479 477       474 4 
L11-INAA 420 430 390 540 450 480       452 22 
Data not used for characterisation 
L1-ICP-OES 615 613 621 595 593 607 620 612 623 600 601 608 609 4 
L5-ICP-OES 357 405 379 343 408 385 447 424 444 447 430 446 410 25 
 
 
  
 71 
Tantalum (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 96.6 94.3 98.7 97.9 98.2 97.7 97 95.9 95.5 95.3 96.7 92.1 96 14 
L4-GDMS 101 104 104 95 97 110 119 114 115 100 99 100 105 20 
L6-k0NAA 100.7 93.5 98 91.7 99 95.2 104.8 100.8 102.4 102 104.2 100.1 99 5 
L7-k0NAA 101 100 102 99 100 101       101 7 
L9-k0NAA 
95.9 96.6 90.7 92.3 88.3 93.8       
93 7 
92.5 93.3 89.5 92.3 92.5 93.9       
L10-ICP-
OES 89.2 91.9 95.5 98 88 93.5       93 10 
L10-ICP-MS 94.5 93 93.5 94.6 94.3 93.6       94 4 
L11-INAA 94.1 94.6 94 93 93.3 95.4       94 1 
Data not used for characterisation 
L5-ICP-OES 77 75 71 74 73 72 82 76 80 78 72 77 76 21 
 
 
 
  
 72 
Vanadium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-MS 644 686 656 661 659 664 644 646 646 652 654 652 655 5 
L2-ICP-MS 640 644 635 639 647 640 629 641 642 602 626 607 633 14 
L3-ICP-MS* 667 667 670 677 673 656 684 671 677 681 680 669 673 2 
L4-GDMS 710 690 690 710 720 720 740 720 740 710 700 700 713 20 
L8-ICP-MS 661.1 658.9 671.2 635.9 654.6 657.4       657 12 
L10-ICP-OES 658 666 696 707 642 692       677 9 
L10-ICP-MS 678 681 675 679 691 674       680 4 
L11-INAA 691 695 688 672 709 694       692 2 
Data not used for characterisation 
L1-ICP-OES 612 605 606 605 617 624 605 589 602 600 610 623 608 3 
L5-ICP-OES 586 566 587 576 558 589 633 613 621 638 616 628 601 25 
L9-k0NAA 722.4 699.2 684 705.8 717.8 729.9       710 6 
 
 
  
 73 
Tungsten (certified value)  
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 469 467 472 481 481 475 472 469 473 479 485 480 475 2.5 
L1-ICP-MS 496 522 505 512 506 515 496 497 495 506 524 516 508 4.2 
L2-ICP-MS 494 490 503 506 510 498 507 501 502 475 492 499 498 14 
L4-GDMS 510 530 520 550 570 560 590 560 580 580 560 600 559 20 
L6-k0NAA 519.7 468.4 502.6 443.8 466.5 456.9 475 494 
494.9
5 521.6 502.6 494.6 487 5.5 
L7-k0NAA 508 512 513 500 506 512       509 7.1 
L9-k0NAA 
528.1 513.5 512.9 502 505 527.6       
522 6 
533.7 526.8 520.3 538.9 533.4 526.9       
L10-ICP-
OES 501 510 490 504 523 506       506 5.9 
L10-ICP-MS 509 500 506 495 504 495       502 4.4 
L11k0NAA 500 502 502 499 498 502       501 11 
Data not used for characterisation 
L5-ICP-OES 318 439 369 309 438 369 453 430 451 457 428 450 409 26 
 
 
  
 74 
Yttrium (indicative value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L2-ICP-MS 10.3 9.84 9.91 9.71 10 9.9 10 10.4 10.4 9.59 10.3 9.93 10.0 14 
L3-ICP-MS* 11 11 11    11 12 11 11 11 11 11.1 6 
L8-ICP-MS 11.6 11.7 11.2 11.4 11.8 11.7       11.6 24 
L10-ICP-OES 10.8 10.2 9.9 10.1 10.6 10.8       10.4 10 
L10-ICP-MS 11.4 12.2 12 11.8 11.9 11.3       11.8 9 
Data not used for characterisation 
L5-ICP-OES 19 19 18 19 19 19 19 19 20 19 20 19 19.1 26.0 
 
 
 
  
 75 
Zirconium (certified value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L1-ICP-OES 522 514 518 517 523 522 507 506 503 507 526 519 515 2 
L1-ICP-MS 505 525 506 522 503 526 499 500 502 514 513 520 511 4 
L2-ICP-MS 470 472 482 477 487 483 478 475 478 459 467 454 474 14 
L3-ICP-MS* 532 519 524 506 507 495 523 520 513 513 513 495 513 5 
L4-GDMS 480 480 500 500 490 490 520 530 500 530 530 530 507 20 
L6-k0NAA 518 474 480 455 486 478 532 499 513 545 513 538 503 6 
L7-k0NAA 543 513 542 535 529 548       535 8 
L9-k0NAA 545.7 489.6 488.1 514.8 547.8 531.1       520 16 
L10-ICP-OES 511 498 470 490 492 502       494 7 
L10-ICP-MS 516 518 522 517 510 499       514 5 
Data not used for characterisation 
L5-ICP-OES 336 396 384 352 402 387 461 459 452 461 457 456 417 25.0 
L11-INAA 580 530 600 550 400 570       538 25.0 
 
 
  
 76 
Carbon (Information value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L3-COMB-IR* 319 322 328 305 320 344 297 303 306 318 308 310 315 8 
L4- COMB-IR* 310 330 320 320 330 320 300 300 330 310 300 330 317 8 
L5- COMB-IR* 
381.0
8 
362.6
0 
389.4
2 
384.2
3 
378.6
3 
389.1
1 361 344 372 345 334 341 365 11 
L10- COMB-IR* 326 327 328 328 339 329       330 3 
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Hydrogen (Information value) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
[%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L3-
IGFA-
TCD* 38.7 44.16 41.24 41.18 41.69 43.29 39.8 41.05 39.25 34.69 35.13 36.05 39.7 15 
L4- 
IGFA-
TCD* 42 46 42 43 43 40 43 43 45 44 43 44 43.2 7 
L5- 
IGFA-
TCD* 47.714 46.496 52.666 48.112 46.12 46.561 42 47 43 50 40 44 46.2 15 
* 
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Nitrogen (no value assigned) 
Lab.  
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
R. 1 
 
R. 2 
 
R. 3 
 
R. 4 
 
R. 5 
 
R. 6 
 
L3- 
IGFA-
TCD* 152.3 165.3 150.7 146.3 172.3 167.9 176.6 160.3 177.9 166.9 157.7 169 159 13 
L4- 
IGFA-
TCD* 140 140 150 170 160 150 150 130 140 160 130 160 152 15 
L5- 
IGFA-
TCD* 87.061 90.404 86.563 89.861 88.638 83.726 73 77 97 83 76 99 88 6 
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Oxygen (no value assigned ) 
Lab. 
code 
ERM-EB090b (all results in mg/kg) ERM-EB090a (all results in mg/kg) Mean 
[mg/kg] 
U 
 [%] R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 R. 1 R. 2 R. 3 R. 4 R. 5 R. 6 
L3-
IGFA-IR* 3451 3440 3389 3352 3391 3395 3498 3464 3377 3415 3365 3397 3411 3 
L4- 
IGFA-IR* 3300 3320 3340 3380 3430 3410 3370 3290 3250 3310 3270 3356 3336 3 
L5- 
IGFA-IR* 2720.2 2763.6 2873.6 2753.3 2732.3 2771.7 2729.6 2562.5 2741.2 2700.2 2542.8 2739.4 2719 7 
L1— 
IGFA-IR* 299 314 297 312 288 324 306 9 
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